














LACUSTRINE LITHOFACIES, DEPOSITIONAL PROCESSES, AND DIAGENESIS OF THE  
UTELAND BUTTE MEMBER, GREEN RIVER FORMATION, EASTERN UINTA BASIN,  

































A thesis submitted to the Faculty and the Board of Trustees of the Colorado School of 




Golden, Colorado  
Date ______________ 
 
      Signed: ___________________________ 




      Signed: ____________________________ 
           Dr. J. Frederick Sarg 









           Dr. Paul Santi 
            Professor and Head  
       Department of Geology and Geologic Engineering  











The excellent basin margin outcrops and tie to the subsurface in this study have increased the 
understanding of the Early Eocene Uteland Butte depositional system of the Green River 
Formation of Lake Uinta. The purpose of this study was to correlate and map outcrop-to-
subsurface, sequence-stratigraphic and geologic elements of the Uteland Butte Member across 
the eastern part of the Uinta basin from the Douglas Creek Arch lake margin area to the Greater 
Natural Buttes Field sublittoral area.  
Eighteen facies and eight facies associations were established in the Uteland Butte to 
represent the sediment types and their depositional environment. Facies were identified based on 
lithology, grain size, texture, and sedimentary structures, bed thickness, bed boundaries and 
geometries: (F1) Green-grey siltstone, (F2) calcareous to dolomitic mudstone, (F3) ostracod lime 
wackestone/mudstone, (F4) molluscan lime wackestone-mudstone, (F5) oolitic lime 
wackestone/mudstone, (F6) intraclastic-ostracod packstone-grainstone, (F7) ostracod packstone-
grainstone, (F8) oncolite packstone- grainstone, (F9) oolitic packstone-grainstone, (F10) pisolite 
packstone-grainstone, (F11) bioclastic floatstone to rudstone, (F12) ostracod sandstone, (F13) 
structureless sandstone, (F14) cross-stratified sandstone, (F15) coal, (F16) illitic oil shale, (F17) 
argillaceous mudstone, and (F18) laminated silty oil shale.  Sedimentary facies were grouped 
into nine facies associations based on lateral and vertical association of facies environments or 
zones, based on energy level and relative water depth: (FA-A) shoreline mudstone, (FA-B) delta 
deposits, (FA-C) littoral to sublittoral claystone to sandstone, (FA-D) carbonate shoal, (FA-E) 
microbial carbonates, (FA-F) littoral to sublittoral wackestones to mudstones, (FA-G) littoral to 
sublittoral oil shale, and (FA-H) laminated oil shale.  
On the eastern edge of the lake basin where a ramp margin persists and deltaic and fluvial 
influences are minor, except in the Evacuation Creek area south, outcrops display marginal 
shoreline environments that underwent four major flooding events. These events raised water 
levels as much as 7.5 meters in marginal areas, and greater than 12 meters in sublittoral regions. 
Facies showed major changes over the 62 kilometers studied, but four persistent cycles were also 
identifiable in the deeper regions of the lake. Sublittoral successions are 30% thicker than the 





The Uteland Butte Member lacks stromatolites, evaporites and analcime, and is rich with 
abundant bivalves, gastropods and ostracods across the lake that indicates a fresh water lake 
environment. Mud occurred in three forms, calcite, dolomite and clay in this lake succession. 
Dolomite displays intercrystalline porosity, averaging between 7.2 to 17%. Dolomitic mud found 
in packstones and grainstones is primarily located within grain coatings, intraclasts, peloids or 
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INTRODUCTION AND GEOLOGIC BACKGROUND 
 
This chapter will discuss the basic background and introductory elements of the Thesis. It 
will begin with an overview of the significance and research objectives of the project, then the 
previous research in the Uteland Butte Member, followed by the location of the field area, the 
geologic history Uinta basin stratigraphy, and finallyend with a discussion on the controls of 
lacustrine systems.  
  
1.1 SIGNIFICANCE AND RESEARCH OBJECTIVES 
The Uinta basin, located in northeastern Utah and northwestern Colorado, is known 
worldwide for its organic-rich Eocene-aged lacustrine deposition (Bradley, 1931; Cole and 
Picard, 1978; Dyni and Hawkins, 1981; Hasiotis and Honey, 2000). It is widely known that lake 
systems are sensitive to minor changes in accommodation and climate because of the smaller 
volumes of water and sediment compared to marine systems (Kelts, 1988; Bohacs et al., 2000). 
These lake water fluctuations are rapid, and can be seen in preserved lake sediments that show 
distinctive vertical and horizontal variations within the Green River beds.  Many publications 
outline the Lower Green River and the many lake stages preserved within the Uinta basin. 
However, few publications detailing the centimeter scale cyclicity in the Green River Formation 
in the Uinta basin and the lake characteristics that can be derived by putting Green River deposits 
in a sequence stratigraphic framework has been attempted.  
With this in mind, the following work focuses on the lacustrine lithofacies, depositional 
processes, and diagenesis of the Uteland Butte Member of the Green River Formation. This unit 
is characterized by limestone, dolomite, organic-rich-calcareous mudstone, siltstone, and rare 
sandstone beds. Dolomitized sections are the target of horizontal drilling, with porosity values 
commonly above 20%, but low permeability due to very fine to microcrystalline fabric of these 
dolomites. Despite increased attention to the Uteland Butte carbonate reservoirs, regional 
correlations are few, and a sound regional sequence-stratigraphic framework and detailed facies 
distribution is poorly constrained. This study fills gaps in current knowledge concerning the 
sequence-stratigraphic framework and detailed facies of the Uteland Butte Member.  
The specific research objectives of this study are: (1) to construct an integrated 




lateral facies relationships of the carbonates and siliciclastics in the Uteland Butte in the eastern 
part of the Uinta basin; (2) to characterize the origin, timing, and distribution of dolomitization; 
(3) to determine the stable isotopic composition of the Uteland Butte to better understand water 
chemistry and diagenetic fluids; (4) to describe the internal character, dimensions, geometry and 
distribution of the pore system of these carbonate reservoirs within the Uteland Butte Member 
for the study area; and (5) establish the origin of carbonate mineral phases (primary versus 
diagenetic). As part of the study, units of the member were subdivided into lithofacies, facies 
associations, and assigned to depositional environments that are used to further interpret lake 
history during Uteland Butte time.  
 
1.2  PREVIOUS RESEARCH IN THE UTELAND BUTTE MEMBER  
The Uteland Butte was the first major formation of a lake environment after the 
deposition of the alluvial Wasatch Formation (Morgan & Bereskin,2003). It was first described 
on the western side of the basin in Indian Canyon in 1931 by Bradley as the basal tongue of the 
Green River Formation. He considered the deposit to be the first sediments of Lake Uinta. It is 
equivalent to the basal limestone facies of Little (1988), Colburn and others (1985), the Uteland 
Butte limestone of Osmond (1992), and the basal limestone member of Colburn and others 
(2000). 
In the Uinta basin, numerous studies have been completed on the Lower Green River 
Formation in the Southwestern and western regions (Wiggins and Harris, 1994; Taylor and Ritts, 
2004; D. Keighley et al., 2003; Bradley, 1931; Ryder, 1976; Remy, 1992; Morgan & Bereskin, 
2002; Burton et al., 2014), but little has been completed on the eastern area where extensive 
exposures persist. Publications that focus on the eastern Uinta basin are limited to basinwide 
studies and include Johnson 1985; and Franczyk et al., 1992. 
 In 1985 Johnson completed a detailed study of the Piceance and Uinta basin’s 
depositional history. The Green River Tongue in the Eastern Basin was mentioned as only a brief 
lime section rich in mollusks and ostracods (Johnson et al., 1985). Three years later a series of 
maps were published which outlined the basinal location of the Green River Tongue from the 




Much work on the Uteland Butte Member has occurred in the last five years as the 
Member grew in popularity as a horizontal target in the deeper regions of the basin, specifically 
in the Greater Natural Buttes Field.  
In 2012, a section of Uteland Butte was measured by Kati Tänavsuu-Milkevicene in the 
eastern portion of the Uinta basin at Evacuation Creek. This section provided a strong baseline 
for this research. Geologists at the Utah Geological Survey (UGS) are currently working together 
in coalition with companies and institutions to develop a refined understanding of the Uteland 
Butte Member across the Uinta basin. UGS’s primary goals are to evaluate the economic value 
of the Uteland Butte as a hydrocarbon reservoir in the basin, and to locate any new possible 
fields. Most recently has been completed by Newfield geoscientists, who examined the deeper 
Uteland Butte productive regions, which are associated with high pressures (Burton et al., 2014). 
Their focus has been on accurately correlating the Lower Green River lacustrine deposits in logs 
and outcrop, and their field of study was in the southern region of the Uinta basin.  
1.3  FIELD AREA 
The Uinta basin is located in northeastern Utah and Northwestern Colorado on the 
western edge of the Rocky Mountains. The basin lies almost entirely within the state of Utah and 
is separated from the related Piceance basin by the Douglas Creek Arch (Fig. 1.1). The Uinta 
basin measures 130 miles east to west and 100 miles north to south. The four areas of study here 
lie within Rio Blanco County in three main canyons- Hells Hole Canyon, Evacuation Creek, 
Texas Creek and Missouri Creek which cover over 60 square miles on the eastern side of the 
Uinta basin. The outcrop locations are approximately 34 to 40 miles south of Vernal, UT and 
Rangley, CO and run along the Utah-Colorado state border. Hells Hole Creek, Texas Creek and 
Missouri Creek are floodwater tributaries that flow west and connect to the Green River, which 
drains to the south. Evacuation Creek is a larger tributary that runs into the western flowing 
White River and eventually the Green River. The Uteland Butte Member in the area of study  is a 
cliff forming unit in three USGS Quadrangles- Dragon, Weaver Ridge, and Texas Creek 
Township-  and six Townships- UT T10S R25E, UT T13S R25E, CO T2S R104W, CO T3S 
R104W, CO T2S R103W and CO T3S R103W (Fig. 1.2). The topography in the area of study is 





























Figure 1.1 Generalized geologic map of Uinta and Piceance basins, Utah and Colorado showing 
Upper Cretaceous and Lower Tertiary stratigraphic units, approximate distribution of Lake Uinta 










Figure 1.2 Location of Uteland Butte outcrops in relation to Townships and USGS Quadrangles. 
Colored pins denote the location of outcrops which fall within three quadrangles (white 
rectangles) and six townships across northwestern Colorado and northeastern Utah. Hells Hole 

















1.4 GEOLOGIC HISTORY AND TECTONIC SETTING 
 
Several major events shaped the Uinta basin and surrounding area during the Cretaceous. 
In the Early Cretaceous, the Sevier Orogeny was initiated by the subduction of the Farallon Plate 
beneath the western North American craton (DeCelles, 1995). This led to an overall uplift of the 
overthrust belt to the west and depression of the continental interior to the east. This depression 
was subsequently flooded by the Western Interior Seaway during the Cretaceous (Armstrong, 
1968). Near the end of the Cretaceous (Campanian) the Western Interior Seaway retreated when 
the subducting Farallon Plate changed trajectory, ending the Sevier Orogeny and initiating a new 
set of structural movements of the Laramide Orogeny. The Uinta basin is both a structural and 
sedimentary basin created in Late Cretaceous through early Tertiary time when rising Laramide 
uplifts broke up the Rocky Mountain foreland basin, which extended from the Gulf of Mexico to 
northern Canada, into several smaller basins (Johnson, 1985).   
Contrary to Sevier tectonics, Laramide deformation uprooted the foreland basin system 
with steep basement-cored thrust faults that form most of the high topographic features present 
today- Uinta Mountains, the Douglas Creek Arch, and the San Rafael Uplift (Fig. 1.3). The 
Uncompahgre Uplift was active during the Pennsylvanian and became reactivated again during 
the Laramide (Picard, 1957).  Late Cretaceous tectonic activity was greater than during any part 
of the Paleozoic or Mesozoic in the Uinta basin. Laramide tectonism remained active throughout 
the Eocene depositional time interval of the studied succession (Franczyk et al., 1992). This, in 
combination with climate controlled factors, resulted in lacustrine development in the early 
Eocene (Bohacs et al., 2000; Carrol et al., 2006; Davis et al., 2008, 2009). 
The Uinta basin is an asymmetrical foreland basin, with the largest sediment 
accumulations (> 4km) close to the Uinta Uplift along the northern margin of the basin where 
subsidence was greatest against the Uinta Mountains (Fouch et al., 1992; Keighley et al., 
2002).The gently-dipping southern margin of the basin experienced less subsidence and 
abundant sediment influx throughout the Paleocene and Eocene. At present, the Uinta basin is a 
topographic and structural basin with 3,000 – 6,000 feet of relief between the lowest and highest 
topographic areas (Osmond, 1965). The basin today is not filled with sediment as the present day 
drainage of the Green River breached the northern and southern rims. The basins housing Green 




basins. During periods of high lake levels, the Piceance basin to the east, and the Uinta basin 
were connected into one larger Lake Uinta. 
 



























Figure 1.3 Eocene intermountain lake basins and basin bounding uplifts along the Colorado-Utah 
border important to the Uinta basin. Field area is outlined with red square (modified after 




Lake Uinta was a stratified lake system with periodic dysoxic to anaerobic conditions that 
led to the preservation of organic material and fine lamina in the profundal oil shale. The past 
hypothesis of a playa lake was changed in the mid-eighties with the evidence of fine lamina and 
varves, lateral persistence of these laminations, the vertical uniformity in mineralogy, and the 




depositional basin (Picard, 1985). Deposition of the Green River Formation lacustrine sediments 
in Lake Uinta occurred over a ca 10 Myr period between ca 54 to 44 Ma (Picard, 1955; Fouch, 
1975; Ryder et al., 1976; Castle, 1990; Smith et al., 2008, 2010; Davis et al., 2010). The Green 
River Formation lies above the Wasatch Formation, which is composed of variegated shale, 
sandstone, and conglomerate. 
 The formation is subdivided into four main stratigraphic intervals bounded by regionally 
correlative carbonate marker units. The oldest and first member, the Uteland Butte Member, is a 
bioclast-bearing interval that represents a time of a small localized lake system that interfingers 
with the alluvial Wasatch Formation above and below (Fig. 1.4). The next carbonate deposit in 
the Lower Green River, the Carbonate Marker Unit (Long Point Bed), forms a distinctive cliff 
composed of mud-supported carbonate beds. This transgressive unit marks the beginning of 
continuous lake sediment deposition in Lake Uinta and is distinguished by its pisoid beds 
(Johnson et al., 1988). Above the Carbonate Marker Unit is the Douglas Creek Member, 
characterized by fluvial-deltaic and carbonate facies (Ryder et al., 1976; Abbott, 1957; and 
Birgenheier and Vanden Berg, 2011). The Parachute Creek Member is the most prevalent 
interval in the Green River Formation and consists of finely laminated calcite and dolomite-rich 
mudstones deposited in organic-rich (R) and lean (L) zones that are interbedded with sparse 
siltstone and sandstone beds.  The most consistent carbonate marker is the Mahogany oil-shale 
bed (R7), which lies within the Parachute Creek Member.  
Overall thickness of the Green River Formation is asymmetrical in the Uinta basin. The 
thickest sediment accumulations are along the north flank against the Uinta Mountains where the 
depositional slope is steepest and coarser grained siliciclastic sediments and narrower marginal 
lacustrine facies are prominent. The thickness of Green River deposits along the Uinta Uplift are 
over 2000m, while the eastern edge has average lacustrine sediment thicknesses of 900 m. Green 
River Formation lake and lake margin deposits outcrop in the southwestern, southern and eastern 
parts of the Uinta basin. 
1.5.1 UTELAND BUTTE MEMBER  
 
The Uteland Butte Member is separated from the greater lacustrine deposits of the Green 
River Formation by an alluvial pulse identified as the Wasatch Formation, Colton Tongue or the 




Wasatch Formation/Uteland Butte Member contact is gradational over 1.5 m in the eastern 





































Figure 1.4 Lithostratigraphic subdivision of the lower and middle Eocene deposits and 
correlation with kerogen-rich (R) and kerogen-poor (L) zones in the Uinta basins (figure 
courtesy of Hogan, 2014; Pitman 1996; Dyni 2006; Johnson et al. 2010; Self et al. 2010a,b; 
Tänavsuu-Milkeviciene and Sarg 2012; Vanden Berg 2008; rich and lean zones after Cashion and 
Donnell 1972, 1974; Long Point bed after Johnson 1984). Rich and lean zones apply only for the 
deep lake deposits in both basin, and cannot be used for the correlation in the shallow marginal 




The Uteland Butte is present in the southern, eastern and western areas of Uinta basin, 
and pinches out to the northwest under the Altamont Bluebell Field. The Uteland Butte Member 
ranges in thickness from 15 to 65 m and consists of limestone, dolomite, organic–rich calcareous 
mudstone, siltstone, coquina and occasional sandstone. Along the eastern lake-margin, the 
Uteland Butte deposits are 30 m thick and consist of intermixed carbonate grainstone and 
mudstone beds. Ostracod and oolite-bearing grainstone beds, as thick as 2.5m, are commonly 
interbedded with the mixed mud and siltstones. The Uteland Butte Member is a highly cyclic 
interval with centimeter to decimeter scale changes in outcrop and core. The Member shows an 
overall coarsening upwards through time, with carbonate grainstone replacing the light green 
claystone and siltstone that dominate early lake deposits.  The presence of ostracod and mollusks 
in the Uteland Butte Member had led to the interpretation that this unit was deposited in 




Figure 1.5 Exposure of Uteland Butte outcrop in Missouri Creek. Uteland Butte Member occurs 








1.6 CONTROLS ON LACUSTRINE CARBONATES 
 Lacustrine deposits and their cyclicity are a reflection of the local climate, chemistry, 
hydrology, and sediment input that effect the basin.  
1.6.1  CYCLICITY 
A cycle is used to describe repetitive sedimentary successions interpreted to represent 
lacustrine expansion and contraction (Pietras et al., 2003). Cycles are significant within the 
Green River Formation and the Uteland Butte Member as they are interpreted to record 
information on precession equinoxes and orbital obliquity (Bradley, 1929; Fisher and Roberts, 
1991; Cole, 1998).  It has been suggested that northern latitude areas in western North America 
during the Eocene experiences global circulation shifts which periodically forced +/- 5°C 
temperature shifts which influenced evaporation (Morrill et al., 2001).  
Figure 1.6 Evacuation Creek 1, White Face Butte outcrop with red triangles indicating three 
of the shallowing up sequences in the Uteland Butte Member 
 
To understand this cyclicity on a smaller scale, the cycles of the Uteland Butte Member were 




transgressive units at the base, which are overlain by regressive successions. A similar trend has 
been observed in other units of the Green River Formation on the southern and western side of 
the Uinta basin (Eugster and Hardie, 1975; Smoot, 1983). The cycles in the Uteland Butte range 
from 4.2 to 7 m thick on the margin and between 7 m and 12.5 m in the deeper basin. These 
cycles are bounded by flooding surfaces in the form of littoral, lean oil shale and laminated 
ostracod siltstones along the eastern edge, and by laminated, black oil shale in the basin center.  
Flooding surfaces can be marked by burrowed surface below or by intraclastic rudstone above, 
usually a few centimeters in thickness.  
 
1.6.2 SEDIMENT INPUT, HYDROLOGY AND CLIMATE 
Lake chemistry in the Green River is understood by examination of biota present within 
the rock record, isotopic signature, presence of dolomite and other diagenetic minerals, and/or 
the presence of stromatolites and nahcolite. A lack or presence of ostracods, mollusks and 
bivalves does not determine lake salinity, but is a good indication of fresh water conditions and 
possible periodic fresh water input into the lake body. This relationship varies depending on 
location along the margin. In the Uteland Butte, bivalve and ostracod shells are found to be 
persistent in interpreted open-water deposits, and are more common in the transgressive part of 
the cycles.  
Lake sediment of the Uinta basin preserved in the Uteland Butte Member is a 
combination of the erosion of the catchment area of both surface and subsurface rocks (Hinderer 
and Einsele, 2001). Surface erosion influencing the sediments studied primarily sources sediment 
from the Douglas Creek Arch to the east and southeast. The northerly Uinta Mountain source 
terrain may have had some influence on the deeper basinal deposits. 
The Green River Formation was deposited in the early Eocene during one of the 
Cenozoic warm periods (Zachos et al., 2001).  The Uteland Butte Member is only a small 
expression of the lower Green River Formation and the climate at this time. Evidence of faunal 
and floral remains in western North America from this time is consistent with greenhouse 
climate (Wilf, 2000; Wing et al., 2000). The cycles preserved within the Uteland Butte probably 
relate to variations in precipitation and evaporation amounts related to wet and dry cycles 




During times of dry climate the runoff and precipitation decreased, resulting in an 
overbalance of sediment fill and thus low lake levels where the limited surface inflow into the 
basin was exceed by infilling. Decrease in precipitation also caused changes in vegetation 
resulting in sparse vegetation. Main inflow into the lake during the dry climate is understood to 
be groundwater inflow or flash-flood runoff (Sewall and Sloan 2006; Lyons et al., 2011). 
Sporadic and limited runoff and limited vegetation decreased the inflow of nutrients and organic 
terrestrial material and led to a decline in organic matter in the Uteland Butte Member.  
The Uteland Butte cycles represent a lake, which experienced four-large pulses or wetter 
periods which slowly tapered into drier periods. During a change to a wetter period, increased 
precipitation and runoff resulted in stronger erosion and higher physical weathering of the 
surrounding areas. Higher inflow into the lake caused lake level to rise and sediment supply to 
increase. Rip up clasts and mudstone containing plant remains, fish scales and fragments occur at 
erosional boundaries that mark transgressive surfaces. The increased sediment and nutrient input 
into the lake resulted in deposition of littoral oil shale and siltstone in proximal to distal littoral 
regions. This was followed by infill of calcareous mudstones and carbonate shoals as shorelines 
receded and water level shallowed along the margin. Deposition represents balanced fill 
conditions (Bohacs et al., 2000). Marginal deposits observed from this period are lake bodies 
usually in the form of carbonate shoals, ostracods, ooids, pisoids and peloids. The thickest low 
lake level deposits are preserved in the distal sublittoral zone and these deposits thin toward the 















CHAPTER 2  
METHODOLOGY 
 
An outline of the projects methods with a brief description are outlined.  
 
2.1 EASTERN MARGINAL OUTCROP STUDY 
This study integrated outcrop with subsurface data to create a sub-regional correlation of 
the Uteland Butte Member in northwestern Colorado and northeastern Utah. Fifteen outcrop 
sections were measured over 155 sq. kilometers. Sections range from 15 to 22 m in thickness and 
were measured on a centimeter scale to better define cyclicity and lake level fluctuations in the 
Uinta basin during the early Eocene. Hand-held gamma-ray measurements were taken at four 
outcrop locations and are correlated to the basinal logs, giving a shoreline to basin transect. 
 
Figure 2.1 Location of Uteland Butte outcrops (tacks) measured and significant creeks currently 





The outcrop data was measured along the Colorado-Utah state line, between Evacuation 
Creek and Hells Hole Canyon. Five canyons dissect this area, Evacuation Creek, Missouri Creek, 
Texas Creek, Park Creek and Hells Hole, that offer excellent access to the Uteland Butte outcrop 
as it plunges westward into the basin (Fig. 2.1). In Hells Hole, these easternmost outcrops are 
continuous for 8 km until they dip into the subsurface (Fig. 2.2).  Strike variability is provided by 
a transect from White Face Butte in Evacuation Creek in the south through Missouri Creek, 
Texas Creek to Hells Hole Canyon in the north. Sections in each respective canyon are anywhere 
from a half-kilometer to two kilometers apart, and distances between canyons vary between three 
to twenty-four kilometers. Descriptions were taken at a centimeter scale, noting lithology, nature 
of contacts, presence of fossils, organic-richness and bed architecture.  
Figure 2.2 Exposure of Uteland Butte Member caps the hillside in Hells Hole Canyon showing 
lateral continuity of the unit (photo from Tänavsuu-Milkeviciene). 
  
 Handheld spectral gamma ray measurements were taken at a thirty-centimeter interval at 
the Evacuation Creek 3, Hells Hole 4 and Texas Creek 1 & 2 sections. These measurements use 
relative abundances of the radioactive elements thorium, potassium, and uranium. These data are 
translated to a log curve that is used to asses lithology and help correlate the exposed Uteland 
Butte sections into the subsurface. 
   
2.2 GREATER NATURAL BUTTE CORES  
The incorporation of two cores from the Natural Buttes Field into the project allows a 
depositional and stratigraphic transect from the east to the basin center (Fig. 2.3). The NBU 921-
22M-GR spans across nearly the entire Uteland Butte section in subsurface and covers from 
4932 feet to 5018.2 feet (note: drill depths measured in feet). While the NBU 921-18C4BS is 





These cores are located northwest of the outcrops and are 62 kilometers west of the westernmost 
Hells Hole Creek #5 outcrop. 
 
 
Figure 2.3 Location map of Uinta basin area studied in this project from eastern margin where 






2.3 LITHOFACIES AND DEPOSITIONAL ENVIRONMENT     
 Lithofacies analysis was used for core and outcrop study areas. It is the process for 
interpreting the origin of sedimentary successions and involves describing the outcrop elements 
in terms of their fundamental parts (Walker, 1992). Facies are primarily based on grain-size, 
depositional texture, abundance, and sedimentary structures. Facies were further grouped into 
facies associations to represent distinctive depositional settings, and are based on Gierlowski-
Kordesch (2010). Lithofacies and facies associations were individually described, interpreted and 
used to determine reservoir characteristics (Fig. 2.4).  
 
 
Figure 2.4 Two facies, green mudstone and ostracod packstone, dominate the lower 5 m of the 
Uteland Butte Member at the Missouri Creek #2 outcrop. These facies are interbedded at the cm 
to meter scale in this area. 
 
2.4 PETROGRAPHIC AND PHOTOMICROGRAPH ANALYSIS 
 Thin section analysis was completed on samples within the Uteland Butte Member and 
the Wasatch Formation lake successions. Samples observed from core and outcrop areas, in both 
marginal lacustrine and profundal lacustrine facies. Megascopic descriptions in hand sample are 
not detailed enough to identify micro-textures and structures critical to understanding the origin 
of these units. Mineral content and the textural relationships within these rocks were described in 




vs. dolomite), mineral percentages, and microstructures within the rocks. These observations 
were critical to more accurate facies descriptions and the overall detail of the final model.   
 
2.5 QEMSCAN MINERAL AND POROSITY DETERMINATION 
 Matrix related microporosity in fine-grained carbonate rocks has had an increasing 
importance in industry on transmissibility and storage capacity of hydrocarbons. Advancements 
in completion technologies in low-porosity and low-permeability reservoirs have made 
quantification of matrix-related micro-porosity, fracture width, and how these relate to pore size 
and pore throat distribution as well as tortuosity increasingly important. Traditional porosity 
characterization from thin section measures only macro-porosity. For low-permeability 
reservoirs, new analytical tools are being used for understanding these microporous reservoirs. 
This project focused on the microporosity characterization within carbonate mudstone, 
wackestones, packstones and grainstones using the QEMSCAN analysis tool.    
QEMSCAN is an integrated system comprised of a Scanning Electron Microscope 
(SEM), four nitrogen-free Energy-Dispersive X-ray spectroscopy (EDS) detectors, and 
proprietary software to capture a wide spectrum of elemental abundance data on a pixel basis and 
image pore size and architecture. Twelve samples, representing a distribution of lithofacies 
identified in outcrop and core were analyzed at the Colorado School of Mines for quantitative 
mineralogy, porosity and grain size analysis. The samples were from prepared thin sections that 
were etched with carbon for the backscatter electron QEMSCAN analysis. This analysis 
provided information about dolomite distribution, clay mineralogy, porosity distribution and pore 
geometry. The overall objectives were to: (1) to determine macro- and micro-porosity structure 
of these reservoirs, and (2) assess the potential flow characteristics of this unconventional 
reservoir.  
 
2.6 CARBON AND OXYGEN ISOTOPE ANALYSIS 
 Stable isotope analysis aids in the identification of the mechanism behind the 
accumulation of carbonates in lake sediments, and leads to a more accurate reconstruction of the 
history of lake body water. Lake systems are small when compared to marine systems, and 
experience more dramatic changes that are less understood. This study applied stable isotopic 




these analyses have helped identify lake organic productivity and characterize diagenetic fluids, 





 isotopic trends to heavier values is indicative of increasing salinity 
within Lake Uinta during this time. Significant trends to lighter δC
13
 values indicate significant 
times of freshening of lake water. 
 
2.7 REGIONAL CORRELATION  
Correlation is based on fifteen Uteland Butte stratigraphic sections and two basinal cores 
within the Uteland Butte Member. This project’s focus was on an eastern to central basin 
correlation, these cross sections integrate the data into a detailed sub-regional depositional model 
(Fig. 2.5) and provide regional context on the nature of the facies changes and dolomite 
relationship in the basin. Correlative surfaces helped identify major cycles and these were 
mapped using flooding surfaces and shifts in stable isotopic values. These stratigraphic stacking 
patterns provided insight into regional base-level changes, and were crucial to correlating.  
Figure 2.5 Depositional model for the organic-rich Green River Formation lake deposits based 
on the Piceance basin (Tänavsuu-Milkevicene and Sarg 2012). Red double-sided arrow denotes 
the Uteland Butte deposits in the region of study which is primarily littoral and sublittoral in 









FACIES DESCRIPTION AND INTERPRETATION 
 
Eighteen sedimentary facies are recognized in the Uteland Butte Member within the study 
area. Facies were identified based on lithology, grain size, and sedimentary structures (Table 1). 
Additional criteria for lithofacies identification included bed thickness, bed boundaries and 
geometries (Fig. 2.3). These facies were grouped into eight facies associations based on genetic 
and lateral and vertical relations between the facies (Table 2).  
Facies are recognized based on grain types and textures, mesofabrics, and macrofabrics.  
Rock texture is based upon Dunham’s classification (1962), Embry and Klovan (1971) 
modification (e.g. rudstone, floatstone),., Doyle and Roberts (1988) modifications (e.g., 
classification of mixed siliciclastic-carbonate rocks), and modifications by Strohmenger and 
Wirsing (1991) (e.g., classification of carbonate grains in rock name). Classification of mixed 
siliciclastic-carbonate rocks containing between 10 – 50% terrigenous admixtures were 
distinguished in nomenclature from pure carbonates. Grains were not incorporated into the rock 
name until they comprise > 20% (for intraclasts, oncoids or ooids) or > 40% (for fossils and 
peloids) (Strohmeger and Wirsing, 1991).  
 
FACIES DESCRIPTIONS AND INTERPRETATION 
 Wasatch Claystone:  The Wasatch Formation is stratigraphically located above and 
below the Uteland Butte Member in outcrop. This unit is comprised of silt and clay that is 
generally non-laminated, with minor internal laminations, which are parallel or distorted. On a 
meter scale, beds alternate between red and green in color, though these contacts can be difficult 
to identify because of pedogenic properties. Beds can be traced laterally for hundreds of meters 
across the outcrop and are laterally continuous. The Wasatch Fm. is made up of swelling clays 
that commonly weather into small red, green and brown flaky balls that form the slopes of cliff 
walls. Traces of laminations can be observed in outcrop along contacts and the unit is locally 
observed in association with thin cm scale sandstone. These sandstones vary from heterogeneous 
fine to conglomeratic deposits, are usually channelized and are thin and discontinuous. No root 
traces or burrows are observed.  This facies becomes calcareous near the contact with the 




 Interpretation: In this study area the Wasatch claystone is interpreted as marginal 
overbank floodplain sediments. The varicolored palesols show weak pedogenic development 
suggesting rapid sedimentation, characteristic of avulsion deposits (M.J. Kraus, 1997). The 
associated sandstone deposits locally found within this facies probably represent overbank and 
splay deposits. 
 
F1 Grey/Green Siltstone: F1 consists of greyish green, fissile mud to silt with varying 
organic material, and ostracods and bivalve shells. Beds are massive and thickly to thinly plane-
laminated and range in thickness from 1 cm to thicker than 3 m. Calcareous amount and 
concretions are locally observed and vary up to 20%. Siliciclastic grains are angular to 
subrounded and range in size from fine silt (0.01 mm) to fine grained sand (0.1 mm), and are 
randomly dispersed. Horizontal and vertical burrows can significantly burrow churn this facies 
(Fig. 3.1A).  
Interpretation: F1 represents a unit mainly deposited from suspension fall-out in a quiet 
environment away from the higher energy shoreline, in the deeper littoral and sublittoral region. 
These beds are commonly filled with small ostracods and shells. Abundance of ichnofossils 
suggests a well-oxygenated lake bottom area. Preservation of internal structure varies, suggesting 
burrowing intensity changes throughout the deposition of the Uteland Butte Member. F1 is 
laterally adjacent to bioclastic rudstone beds, carbonate shoals and stromatolites, and sublittoral 
to littoral sandstone deposits extending out from delta areas. This facies is persistent throughout 
the outcrop.  
 
F2 Calcareous to Dolomitic Mudstone Facies: F2 is dominated by microcrystalline 
calcite or dolomite, with between 10-30% siliciclastic quartz mud, and minor amounts of calcite 
spar, ostracod and pelecypod shells, and accessory minerals. F2 is structureless with some 
grading into coarser grained rock types with well sorted grains of < 10% shells; microcrystalline 
calcite accounts for 90-95% of this facies; siliciclastic quartz mud, very fine silt (0.008 mm), 
undifferentiated bioclast grains are randomly oriented angular to subangular and range in size 
from very fine (0.03 mm) to fine (0.1 mm), ostracod valves and bivalve shells account for less 
than 3% of matrix and are commonly broken and isolated (Fig. 3.1B). There are trace amounts of 




Table 1.  Facies and their relation to the Facies Associations, Uteland Butte Member, Green River Formation, Uinta basin (see also 
Table 2). Bed thickness: 
 
Thickness (cm)      Descriptive Term 
100+            Very thick bed 
30-100                       Thick bed 
10-30              Medium bed 
3 -10                          Thin bed 
1-3                             Very thin bed 
0-1  Laminated 
 
 Lithofacies Texture/lithology  Structure Thickness Geometries and 
Contacts 
Location FA 













1 Grey/ Green  Siliciclastic clay to 
silt 









2 Calcareous to 
Dolomitic Mudstone 
Lime mud  Structureless, 







Littoral  A 



















4 Molluscan Lime 
Mudstone/ 
Wackestone 
Lime mud, shells, 
siliciclastic clay 


















Table 1.-Continued  
5 Oolitic Lime 
Mudstone/ 
Wackestone 
Lime mud, oolites, 
pisolites 
Massive, plane-
parallel   
Thin bed  Sharp basal non-
erosive contact 







clasts, ostracods  
Ostracod, mud clasts, 
structureless, ripple 











7 Ostracod Packstone/ 
Grainstone 
ostracods, peloids 


















Oncoids, lime mud, 
ostracod grains 
Oncolites, lime mud, 
ostracod grains, 
quartz, massive 
Thin  gradational  Littoral  C, D 













Littoral A, B, 
D, E 
10 Pisolite packstone/ 
grainstone 
Pisoids, ostracods, 










Littoral A, B, 
D 
11 Bioclastic Floatstone 
to Rudstone 
Ostracods and 
shells, lime mud 
Bivalves & 
gastropods >2mm, 
structureless or wavy  
Very thin 
to thin bed  






12 Ostracod Sandstone  Fine to medium 
sand, ostracods, 
shells, calcite  
Ripple cross 





























Medium to coarse 
grained 
Planar cross-
stratified, high angle 
Thick Sharp lower contact Shoreline  A,B, 
C 
15  Coal  Lignite Finely laminated fine 
sediment, plant and 
organic material, with 
sulfur 
Thin bed  Thin and continuous Marshes and 
swamps 
A, B 




rich, some silt to sand 

















thick bed  
Transitional to sharp 
base 
Sublittoral  C, F,  
G 
18 Laminated silt-rich 
oil shale  
Dominantly 
dolomitic, kerogen-
rich, with silt to 
very fine sand  
Parallel-laminated, 





Transitional  Sublittoral 









and horizontal burrowing.  Porosity in the facies is dominantly microporosity and is low, ~1% 
with the bed thickness averaging 5 mm to > 1m.   
Interpretation: F2 is interpreted to be deposited by precipitation from the water column 
in calm shoreline environments and on carbonate mud flats. The fine-grained size of this facies 
suggests a low-energy depositional environment, and the bioclasts support oxic conditions with 
increased water circulation (Hakala, 2004). The low influx of quartz grains suggests greater 
distances from deltaic and fresh water surface inputs into the lake. A similar facies was observed 
in upper regions of the Green River Formation in the Uinta basin (Pitman, 1996) and in the 
Piceance basin (Tänavsuu-Milkevicene and Sarg, 2012).  
 
F3 Ostracod Lime Mudstone/Wackestone Facies: F3 is dominantly a microcrystalline 
lime mud with ostracod shells, ooids and minor amounts of siliciclastic quartz and organic 
material and fish scales (Fig. 3.1C). Beds generally exhibit massive, plane-parallel or cross-
stratified laminations in coarser intervals. Ostracod shells are broken and whole, and show 
random orientation, while quartz grains are randomly dispersed, are subrounded to rounded, and 
are silt size (0.04 to 0.06 mm) to very fine sand (0.13 mm). Beds are sharp based and non-erosive 
and the bed thickness ranges from very thin to thick. 
Interpretation: F3 represents an environment with varying energy activity. The 
microcrystalline calcite material likely precipitated form the water column in calm water 
conditions. Ostracods are generally planktic and fall out of suspension after death. Deposits in 
deeper water occasionally show fining upward and may be brought into the distal littoral to 
sublittoral environment by a turbidity flows.  This can occur over mudflat (F2) areas extending 
out to deeper waters in the littoral to sublittoral regions where calm water persists. F3 beds are 
laterally adjacent to carbonate shoal deposits (F6- F9), delta deposits and carbonate mudflats 
(F2). 
 
F4 Molluscan Lime Mudstone/Wackestone Facies: F4 has a mineralogically 
homogeneous microcrystalline calcite matrix with bivalves and gastropod grains, and ostracods, 
and trace amounts of calcite spar, quartz and organic material (Fig. 3.1D). Beds are structureless, 




to bedding laminations. Shells vary in size from 0.15 mm to 2 mm. Siliciclastic material occurs 
as angular to subangular silt sized grains. F4 has a very low porosity, which is typically 
concentrated in fractures and along bedding plane-laminations. Beds are very thin to medium in 
thickness, and have sharp undulatory, non-erosive basal contacts. 
Interpretation: F4 represents an environment with varying energy activity. Again, the 
microcrystalline calcite material is likely precipitated form the water column in calm water 
conditions. The biogenic shells suggest an oxic environment. This facies is interpreted to occur 
in two main areas, along the shoreline in a mudflat area where mollusks flourished, and in calm 
distal littoral to sublittoral regions where calm water persists and oxic conditions are maintained. 
The more distal events may be transported through a turbidity current event. F4 is laterally 
adjacent to carbonate shoals (F6-F9) and carbonate mudflats (F2) and is primarily observed in 
outcrop. A similar dolomite-rich facies is observed in cores.  
 
 
Figure 3.1 a) F1 green siltstone with ooid grains, angular quartz (Q), chert and micrite from 
Evacuation Creek 2; b) F2 calcareous mud from Evacuation Creek 2; c) F3 ostracod wackestone 
with black organic material, and yellow quartz grains, sample from Evacuation Creek 2; d) F4 




F5 Oolitic Lime Mudstone/Wackestone Facies: F5 consists of calcareous and dolomitic 
microcrystalline mud with 5-15% sub-spherical ooids and trace amounts of ostracod remains and 
organic material (Fig. 3.2A). F5 shows massive or plane-parallel laminations, which are 
interlaminated with organic material. Calcite spar randomly occurs between pores and filling in 
empty cavities.   Thickness of beds varies from 2 to 35 cm and beds have sharp basal contacts.  
Interpretation: F5 represents a calm environment that has experienced moderate energy. 
Similar to facies 2, 3 and 4, the calcareous mud is likely deposited through a precipitate from the 
supersaturated water column in a lower energy environment. But the oncoids and ooids require 
more energy to form and were carried into the system during storms or higher energy events 
through the water column from nearby grainstone deposits (F6-F9) and are intermixed with the 
mud (F2).   
 
F6 Intraclastic Ostracod Lime Packstone/Grainstone Facies: F6 is a predominantly 
composed of intraclasts and ostracods grains, with minor amounts of siliciclastic quartz, peloids 
and ooids. The intraclasts are poorly sorted, closely packed, angular to subrounded, and range in 
size from medium sand (0.6 mm) to gravel (> 2mm) and are dominantly composed of 
microcrystalline dolomite. The associated ostracods shells are typically filled with dolomicrite 
and are whole or broken. These clasts are usually deposited with oncoids and broken ostracod 
pieces (Fig. 3.2B).  Intraclasts and ostracods have high intraparticle and moldic porosity, with 
low associated permeability. Siliciclastic grains are rare in F6, and are silt (0.05 mm) in size. 
Calcite spar occurs as cement between intraclasts and ostracod grains. Beds are very thin to 
medium in thickness and have gradational to sharp contacts with other grainstones.  
Interpretation: The predominant intraclasts are broken and transported from carbonate 
mud flat areas that have been partially lithified and are subjected to drying and breakage. These 
clasts probably form when a storm or sudden rise in lake level overtakes these dried flats and rips 
up the carbonate mud material, reworking these pieces to form well-rounded clasts or only 
moving the clasts short distances leaving angular grains. These clasts also appear to form 
through the rip-up and transport of partially lithified muds, which have already undergone 
dolomitization. This facies formed along near-shore and sublittoral areas in a moderate energy 





F7 Ostracod Grainstone/ Packstone Facies: F7 is an ostracod bearing crystalline calcite 
with minor amounts of organic material and can occasionally contain oncoids. Beds display 
massive, wavy or plane-parallel laminations with grains oriented along laminations (Fig. 3.2C). 
Ostracods valves are closely packed, are broken and whole, and are commonly filled with 
dolomicrite. Ostracod grains often have minor coating around shells, and hold broken ostracod 
valve pieces inside a larger-whole shell intermixed with dolomite mud and exhibit intraparticle 
and interparticle porosity. Siliciclastic quartz when present is subangular to subrounded, and silt 
sized. Organic material and fish scales display random orientation. F7 beds range from 2 cm to > 
1 m in thickness and are laterally continuous with sharp bases.  
Interpretation: F7 represents an environment, which is higher in energy with larger 
grains and little mud. F7 is found in marginal to sublittoral areas were energy is high, along the 
shoreline. Finer-grained muds and silts were likely winnowed and redeposited in calmer 
environments. The coating of the ostracod grains is formed through the rolling of the shells. F7 
beds are laterally associated with other carbonate shoal deposits and carbonate mudflats. These 
deposits are observed in core, and in outcrop are laterally adjacent to intraclastic packstones (F8), 
bioclastic packstones (F6) and finely laminated oil shale (F14). 
 
F8 Ooid Grainstone/Packstone Facies: F8 is a dominated by calcitic ooids with varying 
amounts of siliciclastic quartz, organic remains and ostracod valves. Beds are massive, plane-
parallel laminated or wave-rippled and ooids are sub-spherical to spherical and superficial (Fig. 
3.2D). Ooid cores vary in composition and include ostracods, peloids, quartz grains and 
unidentifiable cores which have been filled with peloids or host intraparticle porosity.  Grains are 
closely packed and range in size from 0.5 mm and 2 mm, with most falling around 1.25 mm. F8 
is typically associated with ostracod fragments which are lightly coated with calcite and range in 
size from 0.5 mm to 1mm. Intraparticle and oomoldic porosity are dominant in the 2 mm to > 1 
m thick beds, which are moderately continuous laterally and have sharp basal contacts.  
Interpretation: F8 is interpreted to have been deposited in high-energy environment. 
Ooid grains formed through the accretion of small crystals on the surface of the ooid nucleie as 
they are rolled in the waves and currents. Ooid grainstones possibly form near an inlet for fluvial 
systems or areas influenced by wave activity influenced by wind in areas along the eastern 




high and were precipitation in the water column is active. Dolomitic mud is primarily secondary 
probably after minor burial. F8 is a carbonate shoal and occurs laterally adjacent to carbonate 
mudflat deposits and is primarily observed in outcrop. 





F9 Oncolite Packstone/Grainstone Facies: F9 is a dominantly composed of oncoids 
grains that are concentrically laminated and vary in size (Fig. 3.3A). Oncoid grains are 
commonly mixed with ostracods, molluscan fragments and microcrystalline lime mud. Beds 
show overall lack of structure and are thin from a few cm thick to 10 cm. Oncoid lamina are 
ellipsoidal to sub-spherical in shape and range in size from 2 mm to 6 mm in diameter. Cores are 
composed of ostracods, peloids, bivalve fragments, and quartz grains. Porosity is interparticle, 
Figure 3.2 A) F5 oolitic-illite-intraclast lense  in  calcareous mudstone, Hells Hole 3 ; B) F6 
Intraclast-ostracod lime grainstone with quartz (Q), peloids (Pel), and lithified carbonate coating 
(Ca)  from  Texas Creek 1; C) F7 laminated ostracod  packstone with fractures (F), organic 
material (Org) and ostracods (ost) from Evacuation Creek 3; D) F8 ooid grainstone with current 




intraparticle, intercrystalline and oomoldic.  Beds are generally locally deposited and not 
laterally continuous.  
Interpretation: F9 is formed through microbial induced precipitation of calcite and 
requires sunlight for photosynthetic processes. These deposits are subrounded and are interpreted 
to form in episodic currents that partially rounded the grains above the photic zone. Grains 
accumulate in restricted areas and are intermixed with ostracods.  
 
F10 Pisoid Packstone/Grainstone Facies: F10 is a dominantly composed of pisoid 
grains > 2mm and peloid grains with varying amounts of ostracod fragments, molluscan shells 
and microcrystalline dolomite (Fig. 3.3B). Beds show massive, plane-parallel or wavy 
laminations, though the lack of structure is most common. Pisoids are sub-spherical to spherical 
in shape and range in size from 2 mm to 4.5 mm in diameter. Pisoid cores are composed of 
ostracods, peloids, shells, and quartz grains. Porosity is interparticle, intercrystalline and 
oomoldic.  F10 beds are very thin with gradational bed contacts. Beds are generally locally 
deposited and not laterally continuous.  
Interpretation: F10 is formed in lower energy environments then ooids, but higher than 
the carbonate flat muds. The grain support of these pisoid grains suggests episodic energy to 
move grains and allow coating to precipitate. These deposits accumulate in the marginal areas 
along the shoreline extending into a few meters of water depth, and promote the laminae growth. 
F10 is laterally adjacent to carbonate shoal grainstones, which formed in higher energy 
environments and carbonate mudflat deposits which accumulated in lower energy environments. 
This facies is primarily observed in outcrop. 
 
F11 Bioclastic Floatstone to Rudstone Facies: F11 is a molluscan, ostracod-rich 
crystalline calcite with varying amounts of siliciclastic quartz grains, and organic material (Fig. 
3.3C). Beds in this facies often grade from a lime-rich floatstone to a rudstone lacking mud and 
show wavy to structureless bedding. The bivalve and ostracod shell remains are both broken and 
whole, and range from 2 mm to > 25 mm, with the average grain being about 5 mm. Siliciclastic 
quartz grains are minor and range from very fine sand to fine sand and are angular to subangular. 




Interpretation: F11 is a high-energy deposit. The gradational contacts and chaotic nature 
of these beds supports a storm or singular event deposit. These coarse grainstones are found in 
distal littoral to sublittoral regions of the lake primarily down-dip from an area rich in packstones 
and grainstones where oxygen levels are high and biota flourish. F11 is associated with illite oil 
shale, littoral to sublittoral siltstones and argillaceous dolostone.  
 
F12 Ostracod Bearing Sandstone Facies: F12 is an ostracod bearing, fine to medium 
grained quartz sandstone with varying amounts of calcite sparite grains, detrital grains (illite, 
chlorite, k-feldspar, plagioclase) and organic material. Beds are thin to very thick, well sorted 
with varying amounts of ostracods. They have current ripple cross-laminations or are massive. 
The quartz is subangular to subrounded and ranges from fine size grains to medium size grains, 
and is well sorted. Ostracod grains are whole and broken and are usually found in thin bands 
within the sandstone beds. This facies occur in limited locations on the eastern margin (Fig. 
3.3D). 
Interpretation: F12 ripples suggest a higher energy environment along the margin of the 
lake that is still within the lake as suggested by the presence of ostracods. These sands could also 
be in deeper littoral to sublittoral regions of the lake brought in deeper during storm events where 
high energy was present. The limited nature in distribution of these beds suggests provenance 
direction. The sand is transported into the system through rivers and streams from the northern 
Uinta Mountain areas and along the Douglas Creek Arch just a few kilometers to the east. These 
beds are laterally adjacent to carbonate shoal deposits and littoral to sublittoral siltstone deposits. 
This facies primarily occurs in outcrop.  
 
 
F13 Structureless to laminated Sandstone Facies: F13 beds are fine to medium grained, 
quartz-rich with varying amounts of feldspar and plagioclase (Fig. 3.4A). Grains are subrounded 
and well sorted. Beds are structureless to laminated and laterally traceable in outcrop with no 
channelization or change in bed thickness over tens of meters. F13 bed contacts are sharp based 
to discontinuous. Beds range from being laterally extensive within the outcrop to discontinuous.  
Interpretation: F13 represents sediments, which were deposited in fanning 




discharge. These beds are associated with littoral to sublittoral siltstones and illite oil shale and 






F14 Cross-Stratified Sand Facies: F14 is fine to medium, well-sorted sandstone with 
half-meter scale cross-stratified laminations, cut and fill structures and ripples. This facies forms 
within beds that are sharp based and channelized. This facies has no clay in ripples and is tan to 
yellow. This bed locally occurs in association with green-grey siltstones and claystones, and 
laminated sandstones (Fig. 3.4B). Sedimentary package can be traced 30 meters to both edges of 
the channel bod 
Interpretation: F14 sand is reworked by current energy flowing in a semi-uniform 
direction. Cut and fill features, ripples and cross-stratification represent the high energy of this 
Figure 3.3 A) F9 oncoid grainstone with broken ostracod shells (Onb) and whole ostracod shells 
(Onw), shelter porosity (Sh) and dolomite mud (Dol), from Texas Creek 2; B) F10 pisoid packstone 
with ostracod shells and diagenetic mud, from outcrop Hells Hole 2; C) F11 bioclastic floatstone 




system. The well sorted material suggests that sandstone was transported over some distance. 
Deposit is interpreted as a channel that filled in with sediment being transported into the basin.  
 
F15 Coal Facies: F15 is a thinly laminated organic accumulation. Bed is tabular, 10 to 
20 mm thick and filled with plant material and organic fragments (Fig. 3.4C). F15 occurs in 
single, very thin to thin bed, with a sharp base. 
Interpretation: F15 represents a backwater environment that is not in the main lake 
body, but just outside of the lake along the shoreline. This facies represents a swamp 
environment that likely formed in a quiet, protected back shoal area as it is interbedded with lake 
deposits.    
 
F16 Laminated Illite Oil Shale Facies: F16 is distinguishable by it brown and tan nature 
in outcrop and is a clay-rich rock dominated by illite, montmorillonite and chlorite clays 
(QEMSCAN results, Chapter 8), and dolomite that are parallel-laminated and sheet like (Fig. 
3.4D). Clay beds are intermixed with thin dolomite layers, are lean in organic content, but are the 
facies richest in organic material in the outcrop. Occasional ostracods are locally deposited in 
particular parts of the unit. Beds are thin to medium in thickness and occur in the upper portion 
of the Uteland Butte Member in the Missouri Creek area along the eastern margin.    
Interpretation: F16 is a distal littoral to proximal sublittoral deposit that displays 
seasonality in laminations and is relatively rich in kerogen. This facies represents a low energy 
environment that is receiving sediment through precipitation and fall out from the water column. 
F16 is laterally adjacent to bioclastic floatstone and rudstone deposits, argillaceous 
dolomudstones, and ostracod and bioclastic dolopackstones. This facies is observed in outcrop.  
 
F17 Argillaceous Mudstone Facies: F17 is a calcareous mudstone with ostracod shells, 
minor amounts of authigenic calcite and siliciclastic grains. These beds show fine parallel-
laminations that are rich in organic material (Fig. 3.4E). F17 ostracods shows minor variability in 
orientation and are crushed fragments that are locally concentrated within dolostone (< 3cm 




from very fine (0.005 mm) to coarse silt (0.04 mm), and are subangular to sub-rounded. F17 bed 
thickness ranges from 2 mm to > 1m and contacts are sharp or gradational.  
Interpretation: F17 represents a moderate energy depositional environment that 
experiences increased input. This facies represents a more proximal sublittoral to distal 
sublittoral region which is closer to the siliciclastic sediment shoreline inputs. F17 is associated 
laterally with oil shale deposits (F19), ostracod and mollusk wackestones (F3 and F4) and 
ostracod packstones (F7). This facies is only observed in cores.  
 
 
F18 Laminated Oil Shale Facies: F18 beds are aphanocrystalline to very finely 
crystalline authigenic dolomite that has replaced the original calcareous and clay-rich matrix 
(Fig. 3.4F). These kerogen-rich beds have parallel-laminations which are dominantly matrix-rich, 
and few grain-rich laminations. Horizontal burrows within F18 rarely disturbed laminations that 
are matrix-rich or grain-rich. Siliciclastic grains within these beds are subangular to subrounded 
and erratically dispersed, ranging in size from fine silt (0.01 mm) to fine sand (0.16 mm). Beds 
have sharp, discontinuous contacts between laminations which occasionally host loading 
structures and are 3mm to > 1m in thickness. F18 is represented only in cores and is a profundal 
facies of the illite oil shale which represents a kerogen poor facies in comparison.  
Interpretation: F18 is a low energy facies that represents a depositional environment 
supplied with sediment from suspension fall-out and precipitation from the water column. These 
beds are heavily influenced by seasonality changes in the area and are far from fluvial influx. 
F18 is found in the distal-sublittoral to profundal area of the lake where anoxic conditions 
preserve the kerogen rich beds and bioturbation from organisms is rare. This facies is only 




Figure 3.4 A) F13 structureless sandstone from Texas Creek 2; B) F14 cross-stratified sandstone from Evacuation Creek 3; C) F15 coal 
facies from Texas Creek 2; D) F16 laminated illite oil shale from the Missouri Creek 2 outcrop; E) F17 argillaceous mudstone facies with 
micrite and angular quartz grains (white), sample from Texas Creek 1; F) F18 laminated oil shale, containing bioturbation (biot), lime mud 







Eighteen Uteland Butte sedimentary facies (F) as defined by sedimentary structures, 
textures and composition are grouped into eight facies associations based on lateral and vertical 
association of facies (Table 1). Facies associations are grouped into lacustrine environments or 
zones, based on energy level and relative water depth (Table 2).  Lacustrine zones in Lake Uinta 
have been defined by energy levels as: (1) the littoral zone above fair-weather wave base; (2) the 
sublittoral zone between fair weather wave base and storm wave base; and (3) the profundal zone 
below storm wave base (after Reading & Collinson, 1996; Cohen, 2003; Renaut & Gierlowski-
Kordesch, 2010). The relative water depth is defined after Renaut & Gierlowski-Kordesch 
(2010), where a shallow lake is described as a lake with only littoral and sublittoral zones, and a 
deep lake is described as a lake with littoral, sublittoral and profundal zones (Tanavsuu-
Milkeviciene and Sarg, 2012).  Lake Uinta at this time shows evidence of having on littoral, 
sublittoral, and perhaps shallow profundal zones (Table 2). Facies associations can be grouped 
into those occurring along the margin in the littoral to shallow sublittoral and those occurring in 
the deeper sublittoral.  
 
4.1 MARGINAL DEPOSITS:  LITTORAL AND SHALLOW SUBLITTORAL FACIES ASSOCIATIONS  
Littoral to sublittoral lake deposits within the Uteland Butte Member were studied along 
the eastern margin (Douglas Creek Arch Area) and in the northeastern basin (Greater Natural 
Butte Field) of the Uinta basin. Littoral deposits, observed mainly in outcrop work are rich in 
siliciclastic and carbonate material. Siliciclastic deposits in outcrop are predominantly fluvial-
littoral to sublittoral siltstones, characterized by low-angle cross-stratification, and plane parallel 
cross-stratification.  These channel and turbidite deposits are primarily found at the base of the 
Uteland Butte Member sediments, though some deeper littoral sand bodies are observed in 
younger stratigraphy. Deeper lacustrine zones rarely have thick silt and sand accumulations.  
Laterally continuous carbonate shoal facies persist along the eastern margin of Lake 
Uinta.  Shoal deposits very widely in thickness, have sharp bases, and are rich in ostracods, 
dolomitic intraclasts, oncoids and bivalve shells.  These associated beds are typically interbedded 
cyclically with littoral siltstones. Microbial carbonate deposits are rare and occur as 2-3 cm thick 




Delta sandstone, carbonate shoal and microbial carbonates are few, but are thought to 
pass laterally into littoral to sublittoral siltstones and littoral to sublittoral oil shale deposits (Fig. 
6.3). Littoral to sublittoral oil shale deposits occur in outcrop in the upper portions of the Uteland 
Butte Member and in association with littoral to sublittoral siltstones and littoral to sublittoral 
bioclastic mudstone to wackestone deposits (Figure 10.3).  
Sublittoral deposits were observed mainly in core. These beds are mostly packstones 
(FA-D) and laminated deposits of littoral to sublittoral oil shale that show large variations in 
kerogen content. Sublittoral regions show less variation in deposits laterally and vertically (Fig. 
6.4). Few profundal facies were observed in this study.  
 
Facies Association-A: Shoreline Mudstones 
Shoreline mudstones (FA-A) consist of fine-grained micritic to dolomicritic mud 
associated with calmer, oxic water conditions. This environment is often associated with 
biogenic life and is found along the shoreline extending deeper out into the deeper littoral and 
proximal sublittoral regions where oxic and calm conditions are maintained.  
This association occurs throughout the entire Uteland Butte Member along the eastern 
area of the Uinta basin and in the cores in the deeper basin. These beds can be traced laterally 
hundreds of meters in outcrop. This FA contains all the facies with sedimentary structures and 
variable quantities of grains or intraclasts that indication low current or wave action. Facies 
interbedded with FA-A are carbonates comprised of floatstone to rudstone, grainstone to 
packstones and carbonate mudstones with cross-stratification, ripple cross-lamination, horizontal 
lamination or no structure in many cases and that contain oolites, pisolites, oncoids, encrusted 
intraclasts, and bioclasts. These deposits hug the shoreline in calm waters saturated with calcite 
with low wave energy.  Modern day examples include shells, oolites and ostracod grainstone 
banks, and carbonate silt to sand with shell debris, peloids, plant material and ostracods 
(Johnson, 1984).  
FA-A also includes calcareous dolomitic mudstone (F2), ostracod wackestone to 
mudstone (F3), molluscan mudstone to wackestone (F4), and oncoid mudstone- wackestone 
(F5). This association is commonly found interbedded with deltaic sandstones (FA-C) and 




FA-A sharply but conformably overlies other facies associations including (FA-C, Fig. 4. 
1) littoral to sublittoral siltstones or contains within it FA-F, littoral to sublittoral wackestone-
mudstone. It is commonly conformably succeeded by littoral to sublittoral oil shale (FA-H) and 
littoral to sublittoral claystone and siltstone (FA-C) or erosionally overlain by littoral to 
sublittoral wackestone/mudstones (FA-F).  
 
Table 2. Facies Associations in the Uteland Butte Member, Green River Formation, Uinta basin 
(see Table 1.) 
FA Facies Association 
name 
Description Lithofacies 
  Littoral to proximal-sublittoral    
 
A 
Shoreline mudstone   Calcareous and dolomitic mudstones are 
vertically associated with carbonate shoals 
(FA-D) and littoral to sublittoral siltstone 
(FA-C). In association with delta deposits 
(FA-B).  
F2, F3, F4, 
F5, F6, F7, 
F8, F9 
B Delta Deposits 
 
Sandstone channel and turbidite bodies 
vertically associated with siltstones (FA-C) 
and littoral to sublittoral sandstones (FA-G), 
and laterally associated with carbonate 
shoals (FA-D).   
F5, F6, F8, 
F9, F10, F11, 
F12, F17 
 
C Littoral to sublittoral 
claystone to sandstone 
Large massive siltstones located down-dip 
from delta systems (FA-B) and intermixed 
with carbonate grainstones (FA-D), 
proximal sandstones, thin and 
discontinuous. 
F1, F5, F7, 
F10, F11, F12 
 
D 
Carbonate shoal Laterally extensive marginal grainstone 
beds largely ostracod, intraclast and bivalve 
rich. Vertically associated with littoral to 
sublittoral siltstones (FA-C), microbial 
deposits (FA-D) and turbidite deposits (FA-
F4, F6, F7, 






E Microbial Carbonate 
 
Thin, wavy laminated, dominantly found 
mixed with dolomitic mud and ostracod 
shell beds in sublittoral environments. 
Vertically associated with littoral to 
sublittoral oil shale (FA-G), sublittoral 
siltstones and littoral to sublittoral 
marls/mudstones (FA-F). 
F17, F18 
F Littoral to sublittoral 
bioclastic wackestone 
to mudstone 
Distal carbonate and dolomite deposits with 
varying amounts of ostracod and bivalve 
grains. Laminated and laterally continuous. 
Laterally associated with littoral to 
sublittoral oil shale (FA-G), laminated oil 
shale (FA-H) and carbonate shoals, 
specifically ostracod accumulations (FA-D). 
F3, F4, F5, 
F7, F14, F16 
G Littoral to sublittoral 
oil shale 
Laminated silt-rich and kerogen poor oil 
shale. Laterally continuous. Laterally and 
vertically associated with carbonate shoals 
(FA-D), microbial deposits (FA-E) and 
littoral to sublittoral siltstones and 
sandstones (FA-G & FA-E). 
F14, F15, F16, 
F17, F18, F19 
  Distal-sublittoral  
H Laminated Oil Shale 
 
Laterally extensive laminated oil shale with 
higher kerogen content and low silt 
percentages. Most proximal deposit.  








Figure 4.1 Facies Association A, A) F2 wave influenced mudstone with its associated thin section (B); c) F3 ooid-intraclast 
wackestone which is a lens within a calcareous mudstone (D); E) F2 calcareous mudstone with quartz (Q), ostracod (ost) and fractures 




Facies Association B: Delta Deposits 
 FA-B is a shoreline deposit associated with mixed channel-form sandstones with cross 
stratification and scour and fill sandstone (F14) and horizontal laminated sandstone (F13). Color 
ranges from light tan to yellow or grey-black. Bodies vary in thickness from two to five meters 
and contain concave-up scours, no bioturbation, climbing ripples, high-angle cross-stratification 
and plane-parallel laminations, which are occasionally bioturbated and associated with ostracod 
shells. Sandstone deposits are laterally discontinuous and the average width is around fifteen 
meters. They are generally multistoried with individual stories ranging from half-meter to three 
meters.  Sand bodies are associated with grey to brown claystones laterally (F1), have medium to 
fine-grained subangular clasts that are well sorted. Cross-stratified bedding indicates an average 
flow direction from the southeast towards the Douglas Creek Arch, with less prominent flow 
measurements from the northeast. 
Facies Association B is overlain by ostracod grainstones (F7) and green to grey siltstones 
(F1) that are often interbedded with dolomitic pelodial mudstones (F2) and bioclastic wackestone 
(F5). They are laterally adjacent to shoreline mudstones (FA-A) and carbonate shoals (FA-D).  
Deposits display high to low flow regime characteristics and are found only in the lower and 
middle Uteland Butte successions (FA-B, Fig. 4.2). Areas with large delta influence show 
increased amounts of siltstone deposition and less carbonate shoal accumulation. Similarly to 
past findings, these deltaic deposits are dominantly sourced from the southeast near Evacuation 
Creek with minor fluvial influence observed to the north in the Texas Creek area, and no large 
sand deposits identified in the northern Hells Canyon area. FA-B is not present in the cores. 
Ostracods, moderate sorting of subangular grains of medium to fine-sand in the large 
channel deposits suggest a locally sourced fluvial channel deposit which is forming at the edge 
of a standing water system, a lake (Schomacker et al., 2010). The velocity of a deposit this size 
will significantly fall upon contact with a water body the size of Lake Uinta, depositing medium 
to coarser grained material along the shoreline, and finer grained sediments in more distal 
regions where FA-C littoral and sublittoral claystone to sandstone was deposited.  
 
Facies Association C: Littoral to sublittoral claystone to sandstone 
FA-C is a grouping of facies most commonly grey to green clay to silt size grains that are 




Figure 4.2 Facies association B, A) channel body in middle Uteland Butte in southern Evacuation Creek, the channel is 30 meters wide 
and 6 meters height; B) F13 structureless sandstone with poorly-sorted subangular grains close to source from Texas Creek; C) F14 
cross-stratified sandstone from within channel from (A); D) F1 green siltstone ‘smile’ with cross stratification, climbing ripples, and 




bearing sands (F12), green-grey siltstones (F1), structureless sands (F13) and argillaceous 
mudstones (F17).  Facies in this association are heavily burrowed and burrows are filled with 
carbonate packstone material (FA-D) from the overlying bed (Figure 4.3E). Ostracod and 
organic matter are common in these facies. Basal contacts exhibit gradational features while the 
upper contact is often sharp, erosional and abrupt. Overlying facies include calcareous mudstone 
(F2), ostracod, intraclasts-ostracod and peloidal shoals (F6, F7, F8), and bioclastic wackestones 
(F3-F5).  
Facies association C is genetically related to fluvial systems coming into the basin and 
bringing in siliciclastic sediment from the surrounding area. This association is closely related to 
FA-B fluvial deposits and FA- H littoral to sublittoral sandstone deposits. It is interpreted that 
FA-B fluvial channel that transitions to FA-C sandstones and then FA-C siltstones, fining 
outward into the lake.  FA-C sands are understood to represent a more distal sheet-like down-dip 
deposit of coarser material. FA-C shows no indication of wave modification and shows little 
indication of subaerial exposure.  
 
Facies Association D: Carbonate Shoal 
 FA-D is a marginal littoral deposit of grainstones and packstones consisting of oolite, 
oncoid, pisolite, ostracod, bivalve shells, and intraclastic carbonates. Sedimentary structures are 
rare in grainstones and are wave ripple, cross-stratification and parallel lamination (Fig 4.4A). 
Mud-ripples, bioturbation and desiccation cracks are rarely observed and beds generally coarsen 
upward. Beds range from millimeters to two meters in thickness and are laterally continuous 
across specific regions of the basin along the eastern margin (Fig. 4.4D).  
This association is indicative of a higher-energy depositional environment along the 
carbonate ramp in the littoral zone of the lake, typically accumulating in water along the 
shoreline, but ostracod packstone banding is observed in core during the entire Uteland Butte 
depositional period. Depth calculations are made based on cyclic unit thickness and the filling of 
accommodation space interaction with areal climate as the lake expands through time (Fig. 4.4B 
and C). Unit thickness and accumulation type is also used to understand the lake margin and 
energy level during the initial Lake Uinta. Pisoid and oncoid deposits are indicative of high 




Figure 4.3 Facies association C, A) F1 faintly laminated green-siltstone (F1) with subangular medium sized quartz grains, chert and 
ooids; B) thick green siltstone bed with erosive base and gradational top; C) outcrop with low net-to-gross, photomicrograph shown in 
(D) occurs along a transition zone between green siltstone (F1) and calcareous mudstone (F2); D) F17 argillaceous mudstone with green 
silt and subangular quartz grains, faintly laminated; E) green siltstone (F1) burrowed at contact, burrows are 5 to 20 cm long and filled 




Kordesch, 2010).  This level of agitation characteristic of shoal deposits requires strong, 
consistent currents which are likely sourced from proximal fluvial influences off-axis that have 
episodic effects on these deposits and from wind drawn currents running along the eastern 
margin. The dominance of wave-rippled grainstones indicates heavy wave-influence along the 
margin. Bioclasts and ostracods are the primary carbonate grain in FA-D in the Uteland Butte 
and are an indicator used to understand water chemistry and processes. This association in 
combination with FA-A and FA-B aids in determining the shoreline geometry. 
This association is found laterally and vertically associated with FA-A, FA-B and FA-C. 
Shoals are usually interbedded with littoral to sublittoral siltstones FA-C, and laterally associated 
with carbonate mudstones FA-A and delta deposits FA-B. FA-D deposits are formed in higher 
energy environments that facies FA-A, which is associated with calmer shoreline area.  
  
Facies Association E: Microbial carbonates 
FA-E consists of minor microbial growth in the form of stromatolites, which are 
observed only in core in sublittoral regions. Facies in this association are F9 oncoids packstone 
and grainstone and F3 ostracod wackestone (Fig. 4.6). These beds are thin, between one to ten 
centimeters and occur in association with rip up clasts and dolomite filled ostracod shells.  Algal 
mat accumulation is wavy and made up of millimeter size laminations visible only 
petrographically from core samples suggesting they accumulate in distal littoral to sublittoral 
lake regions. No dome features, heads or well-developed biohermal mound features are 
observed. Overall within the Uteland Butte Member there is a lack of stromatolitic and algal 
deposits. In literature the same observation is made for the Uteland Butte in the southern and 
western regions of Lake Uinta. The poor development of stromatolites and the high accumulation 
of ostracods and bivalves and gastropods suggest that the prevalent biota population in the lake 
consumed these deposits before they were preserved. 
 
Facies Association F: Littoral to sublittoral wackestone to mudstone 
FA-F consists of fine carbonate mudstones (F2) and mollusk, intraclasts and ostracod 
wackestones (F2-F5), and argillaceous mudstones (F17) (Fig. 4.7A-G). Association is 
characterized by white to orange beds with bioclastic material that show variable thickness 






Figure 4.4 Relationship of FA-C littoral to sublittoral mudstones and sandstones and FA-D 
carbonate shoal; A) wave influenced bioclastic rudstone (F11), 10 cm thick bed which is 
contained within FA-C; B)thin centimeter-scale cyclicity between FA-C and FA-D; C) thick 
meter scale cyclicity between FA-C and FA-D; D) FA-D dominates the final-stage of Uteland 
Butte deposition. 




Figure 4.5. Facies Association D, A) ostracod dolostone (F7) with isopachous calcite cement and dissolution porosity, sample 
from CO. 109 #17, XPL; B) coated ostracod grainstone (F7) with inter and intraparticle porosity, sample from CO. 109 #18, 
PPL; C) intraclastic-ostracod packstone (F6) sample from EVC2 #16, 4x PPL; D) oncoid grainstone (F8) with calcite cement and 
intraparticle porosity, sample from EVC 3 #17, PPL; E) bioclastic rudstone (F10) sample from HC1 #18, PPL; F) oncoid 
grainstone (F8) with calcite spar cement and fracture porosity, sample from Texas Creek 2 #15, PPL. Blue epoxy shows pore 




in moderate to low energy depositional environments and lie above the oxic/anoxic boundary 
within the littoral and sublittoral region.  
Facies association F interfingers laterally with littoral to sublittoral oil shale (FA-H), 
littoral to sublittoral sandstones (FA-G) and littoral to sublittoral siltstones and claystone (FA-C). 
Vertically FA-F is associated with FA-D and FA-E in more proximal littoral regions and 
associated with FA-I in the deepest region of the basin where oxygen and nutrients become 
richer towards the basin center.   
 
Facies Association G: Littoral to sublittoral oil shale 
 FA-G consists of laterally continuous laminated, organic-rich illite oil shale (F16), 
laminated ostracod wackestone (F3) and argillaceous mudstones (F17) (Fig. 4.8A-E). These lean 
oil shales are light tan to dark brown in color and observed mainly in open-water deposits, 
though they are also seen in marginal to sublittoral areas. Fish remains, ostracods and fish scales 
are commonly present in this facies associated. Along the lake margin organic richness is 
moderate to low.  Beds are relatively thin in outcrop, about one-half meter, and are thicker in the 
deeper subsurface deposits, about two meters.  
 Association is interpreted as a low energy environment found in the distal littoral to 
sublittoral regions where oxygen levels are low. Bioturbation is absent suggesting a lack of 
oxygen. These organic-rich carbonate and silty oil shales and mudstones are deposited in a large 
range of depths along the ramp-slope with low wave energy (Renaut and Gierlowski-Kordesch, 
2010).  These beds are contained within littoral and sublittoral siltstones (FA-C) and littoral to 
sublittoral mudstones and wackestones (FA-F). Beds are associated with oil shale (FA-H) down-
dip deeper in the basin and sublittoral ostracod packstones (FA-D) up-dip towards the margin. 
FA-G is present in both core and outcrop. 
 
Facies Association H: Laminated Oil Shale  
FA-H is a facies made up of finely laminated, organic-rich oil shale (F18) (Fig. 4.9A-C). 
This association is only present in core and is interpreted to represent the deepest deposition 
environment in this study. Color ranges from dark-grey to black and has a higher organic content 
then FA-H, which is more argillaceous. This association is typically plane-parallel and bivalve 




Figure 4.6 Facies Association E, A) F9 oncoid packstone in outcrop, unit is uniform thickness in outcrop and caps the top of HC 1-13; 
B) photomicrograph for (A), oncoids grains contain ostracod valves and are filled with lime mud; C) microbial laminations in a 
ostracod lime wackestone (F3) with subrounded silt grains, photomicrograph from core; D) F9 oncoid and ostracod grainstone, oncoid 









Figure 4.7 Facies Association F; A) F17 and F4 interbedded, laminated argillaceous calcareous molluscan wackestone; B) argillaceous 
grey-lime mudstone with silt lenses; C) silt/sand lenses interbedded with organic material; D) F4 molluscan wackestone in NBU 921-22M 
core; E) F2 bioturbated calcareous mudstone, NBU 921-22M core; F) F2 laminated-peloidal mudstone with ostracod valves, organics and 







Figure 4.8 Facies association G; A) F4 bioclastic lime mudstone with laminated mud (cal) , organic material and large compressed 
burrows; B) black arrow from (A) notes location of photomicrograph in 921-22M core, F4 is dark grey, faintly laminated and overlain 
by mollusk wackestones; C) core location of photomicrograph (D), this laminated ostracod wackestone (F3) is light grey and thinly 
interbedded with ostracod packstone (F7); D) argillaceous ostracod wackestone (F3 and F17), ostracod (Ost) grains concentrated in 





FA-H is interpreted as a deep, open-water deposit found in the deepest sublittoral lake 
where plankton and algal production is high, macrofauna populations are low and preservation 
rates outpace carbonate production (Ryder et al., 1976, Renaut and Gierlowski-Kordesch, 2010). 
The lack of siliciclastic input suggests a more distal thinly laminated deep lacustrine carbonate 
mudstone. This is the deepest observed facies association in the study. These facies are laterally 
and vertically associated with littoral to sublittoral oil shale (FA-G), sublittoral claystone and 





Figure 4.9 Facies Association H; A) faintly laminated oil shale (F18) with lime mud (Dol-Cal) organic material (org), silt-size quartz (Q) grains 
and bioturbation (biot), scale is 0.40 mm; B) photomicrograph from black, laminated oil shale facies in 921-22M core, labeled with red arrows; 








 The facies and facies associations were used to build a depositional model for the Uteland 
Butte Member.  The model illustrates the lateral distribution of the carbonate and siliciclastic 
facies from the shoreline into the profundal area of the basin (Fig 5.1).  FA-B deltaic deposits 
and FA-A shoreline mudstones are located in the backwater and shoreline area, which has some 
interaction with the lake, as they are interbedded with lake units. The littoral region of the lake 
characterized by FA-C littoral to sublittoral claystones which fan out into the basin and are 
interbedded with FA-D carbonate shoals, that occur off axis from fluvial systems in waters with 
episodic waves and currents to form ooid, pisoid, oncoids and ostracod coated grainstones. FA-D 
shoals continue to deposit into the deeper littoral where current energy is high enough, and 
interbed with littoral to sublittoral oil shale (FA-G), littoral to sublittoral mudstones (FA-F) and 
microbial shoals (FA-E). The deposition of these associations depends on energy level in the 
water column and organism productivity.  These associations interfinger with one another along 
strike, but occupy different environments.  Below wave base FA-E stromatolite deposits 
diminish into the sublittoral and sublittoral mudstones (FA-F) and sublittoral oil shale (FA-G) 
become dominant. These deposits are laminated, but heavily bioturbated. The sublittoral 
transitions out of the photic zone and into the profundal zone where FA-H oil shale is deposited 
in the disoxic to anoxic environment. FA-H interfingers with silty sublittoral oil shale (FA-G) 
and is an organic-rich laminated deposit with some bioturbation that begins accumulating along 
the transition between these two lake regions.   
This depositional model is applied to measured sections and cores through analysis of 
thin section photos, bed character and stacking patterns. A stratigraphic framework was compiled 
for each section to insure consistency in interpreted before correlation.  Figure 5.2 is an example 
of data from one outcrop, County Rd 109, to make interpretations on lithofacies, facies 
associations, and stacking patterns.  The section is color coded and textured according to facies 
lithology, while color blocks and text define facies associations. Facies key is in appendix (A-
15). Facies were used to make interpretations about depositional environments and facies 
associations. The facies associations were used to predict the changes in shallowing and 
deepening in Lake Uinta and are depicted with the black and red triangles. These lake water 




transitions from a thick FA-D carbonate shoal deposit into a FA-C littoral siltstone deposit into a 
deeper FA-F littoral to sublittoral mudstone that is interbedded with FA-D ostracod packstones. 
The lake then begins to shallow or shift currents and a four m thick FA-D carbonate shoal was 
deposited.  Photomicrographs, on left (a-e), follow a typical shallowing upward trend from the 
deepest lime mud (FA-F) and littoral to sublittoral siltstone (FA-C) (Fig. 5.2D-E), and to the 






Figure 5.1 Depositional model illustrating the lateral distribution of the limestone and siliciclastic facies associations deposited in 
Lake Uinta lacustrine (F1 – F18) environment. The facies association distribution of the Uteland Butte Member highlights the 
prominence of ostracods, intraclasts, peloids and siltstones through the littoral and sublittoral regions. FA E (dotted arrow below 
model) has a minor influence on the Uteland Butte Member and occurs in association with oncoids (F9) and microbial laminations in 
wackestone (F3). This facies association model allows for the reconstruction of the paleoenvironment of Lake Uinta during Uteland 


















Figure 5.2. Outcrop CO 109 with photomicrographs, field photos, lithofacies and facies associations; (A) F7 ostracod grainstone, heavily 
bioturbatied with intraparticle and interparticle porosity, sa ple 18 PPL 4x; (B) F7 ostracod packstone, ostracod grains are coated, 
peloids (Pel) sample 17; (C) F7 ostracod-peloidal grainstone, sample 16; (D) F1 green siltstone with quartz grains and micrite, Sample 
12; (E) F2 massive dolomudstone with ostracod valves, sample 5. Arrows are shallowing or deepening upward, red arrows are larger 








A sequence stratigraphic interpretation is  developed for the Uteland Butte Member based on 
outcrop and core observations. This interpretation is based on field work in this study, two cores 
from the Greater Natural Buttes field, and from past research completed in the Uinta basin and 
along the western Piceance Creek basin (Cole & Picard, 1978).  The framework depicts a ramp 
lake envionment for the Uteland Butte dipping westward into the deeper Lake Uinta. The 
depositonal enviornments envisioned during the time of Uteland Butte depositon are modified 
from Tänavsuu-Milkeviciene and Sarg  (2012),  Platt and Wright (1991), Tucker and Wright 
(1990), Cole and Picard (1978), Roehler (1974), Williamson and Picard (1976), and Ryder and 
others (1976). Littoral facies interpretation is modified from Tucker and Wright (1990) and Platt 
and Wright (1991), who described lake margins for both partially and dominantly carbonate 
lakes, based on littoral, sublittoral, to profundal or pelagial carbonate deposits, and dependent on 
the slope of the lake margin and on energy conditions. The Lake Uinta water body formed 
independently from the Piceance Creek basin in Colorado during Uteland Butte time, though the 
two bodies are understood to be hydrologically connected through fresh water inputs from areas 
to the south (Pitman, 1996).  A key factor for lake margin character is surface and groundwater 
flow into a lake from a catchment area, to the east of the Douglas Creek Arch area. 
Shallow-marginal lacustrine enviornments are subject to episodic subareal exposure, 
significant facies variations, and ultimately a very complex lateral and vertical facies-sequence 
history (Tucker and Wright, 1990; Platt and Wright, 1991; Bustillo et al., 2002). The 
stratigraphic interpretation presented is based on facies association distribution, stacking 
patterns, organic richness of deposits, and depositional processes. Figure 6.1 is an idealized 
stratigraphic section showing a progression through Uteland Butte facies from the laminated 
mudstones in the sublittoral and profundal to the bioturbated mud flats and shoals of the littoral. 
In the western area of the basin sequences, littoral claystone (FA-C) and oil shale (FA-G) pass  
into carbonate shoals (FA-D). The closed nature of the lake at the time of deposition for the 
Uteland Butte controls the cyclicity, resulting in changes seen throughout the unit and its 
associated facies over the study area. An overall lack of microbial carbonates and bedload-




carbonate produced in upper littoral zones suggests that this area of Uteland Butte was deposited 
under high energy conditions under fresh water conditions.  
 
6.1 LITTORAL LAKE MARGIN  
 Littoral to sublittoral siltstones and carbonate grainstone facies dominate in the shallow lake 
environment of Lake Uinta. Shoal or shoreline grainstone facies reflect the wave and current 
energy in the lake system through the thick beds, abundant intraclast, ostracod, and pelodial 
grainstones. Littoral carbonates pass laterally into floodplain or fluvial clastic deposits as energy 
transitions along the shoreline. Carbonate facies are deposited in areas of low fluvial clastic 
input. 
 Figure 6.3 is a strike cross section along the eastern area of Lake Uinta (Fig. 6.2). The 
section transects south to north from Evacuation Creek to Hells Hole Canyon, an area of about 
twenty kilometers. The Uteland Butte is divided into four cycles based on major surfaces, the 
base contact is marked by an abrupt transition from paleosols to delta deposits and is the  initial 
sequence boundary.  These delta sands are uniform thickness in outcrop, contain ostracods and 
show no channelization. As the lake deepens these delta deposits are overlain by littoral to 
sublittoral claystones (FA-C), The lake then begins to shallow upward preserving carbonate 
shoals (FA-D)  interbedded with littoral to sublittoral wackstones (FA-F) and some shoreline 
mudstone (FA-A). A second flooding of the lake is noted by a black dotted line on the figure. 
This surface is marked by a thin rip-up clast bed in Texas Creek 1 and Hells Hole 1, and by the 
littoral to sublittoral siltstones (FA-C). A large channel sandstone six meters thick is active in the 
Evacuation Creek area (EVC3). This channel likely influenced the large quantity of silty 
accumulation in the region, affecting the nearby CO 109 section. Ostracod packstones in the 
Texas Creek 1 and 2 outcrops contain notable amounts of quartz in the second cycle indicating a 
fluvial source of some size influencing the area and contributing to the thick littoral to sublittoral 
siltstone (FA-C) accumulations. Hells Hole Canyon is poor in FA-C and is characterized by 
predominantly littoral to sublittoral wackstones at this time. The lake then begins to shallow 
again accumulating thick packages of ostracod shoals (FA-D) at CO 109, Missouri Creek and 
Hells Hole Canyon. These shoals are interbedded with thin accumulations of littoral to sublittoral 








Figure 6.1. Idealized stratigraphic column for Lake Uinta in a high energy ramp setting during the deposition of the Uteland 




Figure 6.2 Strike cross section in Fig. 6.3 follows blue line trajectory, while dip cross section 
through Missouri Creek canyon follows the red line. 
 
CO 109, Missouri Creek 1, and by littoral to sublittoral oil shale (FA-G) in Texas Creek1 and 
littoral to sublittoral siltstones (FA-C) in Hells Hole Canyon 1 and Texas Creek 2Texas Creek 1 
accumulations after shift continue to be littoral to sublittoral oil shale (FA-G) interbedded with 
intraclastic grainstones and coquinas (FA-D). While the remaining sections are overlain by 
deeper littoral to sublittoral clay and silt (FA-C) which slowly transition into thick carbonate 




Figure 6.3 Strike cross section along the Eastern margin 
of Lake Uinta from South to North, Evacuation Creek 3 
to Hells Hole 1. Individual Measured Sections are 
colorized and textured by facies (key in appendix, A-16), 
while stratigraphic interpretation is colorized by facies 
association distribution. Predominant facies association 
trends are the laterally extensive carbonate shoals and 




C) filled with current ripples and mud drapes that are interbedded in some areas with a few 
deeper littoral oil shales (FA-G) and littoral to sublittoral wackestone (FA-F). The carbonate 
shoal accumulations are thickest in CO 109 and Hells Creek 1 where fluvial influence is lacking. 
The Uteland Butte is then overlain by Wasatch Formation floodplain in the entire region. 
 
6.2 SUBLITTORAL LAKE  
Uteland Butte sediments of deeper, open water lake settings lack evidence of in situ 
vegetation, show strong lamination, are heavily bioturbated and contain silt, ostracods and 
bivalve shells.  Figure 6.4 is a dip cross-section from  southeastern Uinta basin in Missouri Creek 
to northwest Greater Natural Buttes Field towards the basin center (Fig. 6.2). The four outcrops 
in Missouri Creek are composed of FA-C littoral to sublittoral siltstones, FA-D carbonate shoals,  
FA-F littoral mudstone to wackestone, FA-B delta deposits, FA-A shoreline mudstones and FA-
G littoral to sublittoral mudstones. The two sections in the basin are cores, NBU 921-18C4BS 
and NBU-921-22M and contain FA-C littoral to sublittoral siltstones, FA-D carbonate shoals, 
FA-F littoral to sublittoral mustones, FA-G littoral to sublittoral oil shales, and FA-H laminated 
oil shales. Four correlative cycles were identified and  correlated using rip-up lag deposits and 
the presence of deep lake facies overlying shallower facies, as is the case in the cores where 
correlations were made to thin oil shale (FA-H) beds.  
Along the margin the first cycle is 4.1 meters thick and contians high amounts of siliciclastic 
deposits with 55.55% littoral to sublittoral siltstones (FA-C) and 5.43% of delta deposits (FA-B) 
(Fig. 6.4 and Table 3). This cycle also includes 4.67% shoreline mudstones (FA-A), 27.80% 
carbonate shoal (FA-C), 6.55 % littoral to sublittoral wackestone-mudstone (FA-F), and 8.90% 
littoral to sublittoal oil shale (FA-G). The second cycle displays a loss in siliciclastic material and 
increase in carbonate sediments. Cycle thickness averages 5.3 meters, and is composed of 
23.01% shoreline mudstone (FA-A), 26.77% littoral to sublittoral claystone to sandstone (FA-C), 
33.47% carbonate shoal, 8.36% littoral to sublittoral wackestone to mudstone (FA-F) and 8.39% 
littoral to sublittoral oil shale (FA-G). The third cycle along the margin in this area is 4.5 meters 
thick and includes 44.36% littoral to sublittoral siltstones (FA-C) and 31.57% carbonate shoals 
(FA-D). While littoral to sublittoral mudstones (FA-F) make up 22.55%  and littoral to sublittoral 
oil shale (FA-G) amount to the remaining 1.50% of sediments. This decrease in clastic and 




carbonate shoals (FA-D) are now the dominant association at 44.29%, with littoral to sublittoral 
siltstones (FA-C) at 28.96%, littoral to sublittoral oil shale (FA-H) at 18.49%, littoral to 
sublittoral mudstones (FA-F) at 7.66% and shoreline mudstone at 0.6%. The sediment 
accumulations in this cycle are 7 meters thick.  
 In core, in an open lake environment, the first cycle is 3+ meters thick and is 67.03% 
littoral to sublittoral oil shale (FA-G), 27.47% littoral to sublittoral mudstone to wackstone (FA-
F), and 5.49% carbonate shoal (FA-D). The sublittoral second cycle is 7 meters thick and 
consisits of 36.04% littoral to sublittoral mudstone and wackestone (FA-F), 22.15% littoral to 
sublittoral oil shale (FA-G), 14.77% carbonate shoal (FA-D), and 14.77% laminated oil shale 
(FA-H). The third cycle is thicker, at 7.6 meters thick and contains 39.60% carbonate shoal (FA-
D), 36.30% littoral to sublittoral oil shale (FA-G), with 16.5% littoral to sublittoral mudstone and 
wackstone (FA-F) and 7.59% laminated oil shale (FA-H). The final cycle is the only one 
represented by datasets from both cores. This cycle is 12.2 meters thick and contains the largest 
percentage of littoral to sublittoral oil shales (FA-G) at 48.8%, with carbonate shoals (FA-D) 
acounting for 25.18%, with 11.98% littoral to sublittoral wackestone and mudstone (FA-F), 
9.93% littoral to sublittoral siltstone (FA-C) and 4.11% laminated oil shale (FA-H). The highest 
proportion of laminated oil shale (FA-H) in the first cycle and low accumulation of  carbonate 




Figure 6.4. Dip cross section from Missouri Creek Canyon to Greater Natural Buttes Field subsurface. Numerical evaluation of thickness 
and facies association occurrence in margin deposits and open water deposits is represented by bar charts to the left and right of sections. 




Table 3 Numerical evaluation of thickness and facies association occurrence in margin deposits and 
open water deposits of the Missouri Creek outcrop listed outcrop by outcrop for each cycle. Bar 
charts display facies association average in each major area, margin vs. deep-water, this average is 







 Lake deposits first accumulated in the Uinta basin during the Cretaceous. Over the next 
twenty million years from 66 Ma to 48.5 Ma the basin went through a series of dry and wet 
periods until the onset of Green River Formation deposition when the basin hosted a relatively 
stable water body from 53.5 to 48.5 Ma. During times of high alluvial influx, Lake Uinta would 
narrow into a band trending eat-west on the northern side of the basin (Wiggins and Harris, 
1994).   
The Wasatch Formation was deposited at the onset of the Tertiary around 56.5 million 
years ago. The unit is 0-5,000 feet thick and consists of fluvial varicolored shale, lenticular 
sands, and mixed carbonates.  The tectonic activity in the basin was greater than at any other 
time in the Paleozoic and Mesozoic.  The Uinta Mountains were the high source to the North, 
and the lower San Rafael Swell was the source to the Southwest (Osmond, 1965). The alluvial 
belt on the southern shore was very wide compared to the northern shore against the Uinta 
Mountains (Wiggins and Harris, 1994). Clastics entered the basin from both north and southern 
sources, though the north is deeper and deposits travel only short distances into the basin 
catchment area, while the southern sediments have been observed interfingered with the 
northerly sediments across the basin.  Periodic fluctuations in sediment budget and tectonic 
activity formed the heavily interbedded carbonate-rich oil shale and sandstone beds.   
 Wasatch Formation lake sediments were observed in four cores, UTE TRIBAL 9-4B1 
Joseph, 2-7D1,  NFX 5-18-3-3W SWD,  and the FD STATE 10-36D-6-19 in the north side of 
Uinta basin (Fig. 7.1).  Facies classification and facies associations were used to understand lake 
processes during this time. 
 
7.1 WASATCH LACUSTRINE LITHOFACIES 
Five facies and three facies association have been identified to represent these deposits.  
Facies include, argillaceous coquina wackestone (WF1), bioturbated mudstone (WF2), 
argillaceous oil shale (WF3), quartzose laminated oil shale (WF4), bioturbated siltstone (WF5), 
carbonate breccia (WF6), and calcareous sandstone (WF7).  These facies were grouped into 
threee facies association, ‘deep’ lake (WFA-A) and have an intimate relationship with (WFA-B) 






Figure 7.1 Location of Wasatch cores with lake deposits; (1) EP Energy Company, L.P., (Red 
pen) UTE TRIBAL 9-4B1 (4301330194), Duchesne Co., Latitude: 40.34016; Longitude: -
110.00321; (2) EP Energy Company, L.P., (Yellow pin) Joseph, 2-7D1 (4301330018), Duchesne 
Co., Latitude: 40.39629; Longitude: -110.27003; (3) Newfield Production Company, (Blue pin) 
NFX 5-18-3-3W SWD (4301351517), Duchesne Co., Latitude: 40.22343; Longitude: -110.2628; 
(4) Bill Barrett Corporation, (Green pin) FD STATE 10-36D-6-19 (4304754681), Uintah Co., 
Latitude: 40.25339; Longitude: -109.72913. 
 
Argillaceous coquina wackestone-packstone (WF1) is an organic rich, black to green 
colored, laminated oil shale deposit with pulses of bioclastic material and sand grains. The 
bioclastic material is broken and consists of a mix of gastropod, mollusk and ostracod shells that 
range from 0.5 mm to > 2 mm. These grains are concentrated in thin cm scale beds that grade 
into laminated organic rich mud that ranges from 10 cm to 1 m thick (Fig. 7.2A)  
 
 Bioturbated mudstone (WF2) consists of organic rich lime mud disturbed by vertical 





are slumped and filled by pyrite and burrows are 5 to 15 cm in length. These beds vary in 
thickness from a few cm to a meter (Fig. 7.3).   
 
  Argillaceous oil shale (WF3) is a plane-parallel laminated lime mud that is rich in 
organic material that contains some silt grains. The silt is subrounded to rounded and is deposited 
along the bedding planes. Beds are well sorted and laminations are undisturbed and display 
zonation with organic rich sections (Fig. 7.2B). 
 
Quartzose laminated oil shale (WF4) is a laminated, organic-rich mudstone with pulses 
of sandstone interfingered with organic material. Oil shale is finely laminated and are associated 
with pellets, shell fragments and silt to sand.  Sand is subangular, poorly sorted and fines 
upward. Organic matter occurs intermixed with laminated oil shale and as thick black bands that 
are concentrated within the sandier sections (Fig. 7.2D).   
 
Bioturbated-bioclastic claystone/siltstone (WF5) consists of siliciclastic clay 
intermixed with bioclastic grains, silt and lime mud. Bed is heavily bioturbated and bedding is 
indistinguishable in core or thin section. Bioclastic grains are primarily broken ostracod valves 
and are randomly oriented within the unit. Lime mud and clay are mixed and alternate as the 
dominant lithology (Fig. 7.2C). 
 
Carbonate breccia (WF6) is composed of fracture and slump-like grey carbonate clasts, 
fractures and rip up clasts. This facies has a sharp basal contact and is reoccurring in core.  
 
Calcareous sandstone (WF7) is subangular, poorly sorted medium grained 
sandstone.  WF7 is faintly laminated to massive with unit thickness of several cm (Fig. 7.2E). 
 
            Bioclastic rudstone (WF8) consists of bioclastic material and lime mud. Bioclastic 
material contains pellets and broken or whole bioclasts that consist of gastropods, mollusks 
and/or ostracod valves. These grains range from 1 mm to 8 mm. Lime mud is faintly laminated 
with bed disturbance from bioturbation. This facies occurs as beds that are a few cm in thickness 






Figure 7.2 Wasatch Formation lake deposits; (A) argillaceous coquina wakcestone (WF1), JSP 2-7D1-14,330; (B) argillaceous oil 
shale (WF3), UTE Tribal 94D1- 11,092; (C) bioturbated bioclastic claystone (WF5), UTE Tribal 94D1-
11,094; (D) quartzose laminated oil shale (WF4), UTE Tribal 94D1-11,084; (E) calcareous sandstone (WF7), JSP 2-7D1-
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Figure 7.3 Bioturbated mudstone (WF2) is a grey massive carbonate mud that is heavily 









7.2 WASATCH LACUSTRINE ENVIRONMENT 
The Wasatch lake deposits (WFA-A) interfinger with two facies associations, the 
siliciclastic rich delta toe facies association (WFA-B) and the subaqueous fan delta/distributary 
mouth bar deposits (WFA-C). The delta toe association (WFA-B) consists of fine grained 
sandstone and laminated siltstones and the subaqueous fan delta/distributary mouth bar (WFA-C) 
is characterized by climbing ripple, starving ripple and mud drape rippled sandstones (Fig. 7.4 
and 7.5). The 'deep' lake facies association (WFA-A) consists of facies 1-8 described above. The 
relationship between these associations is interpreted as an inter-fingering of lake (WFA-A) with 
primarily the delta toes (WFA-B) but also with the subaqueous fan delta/distributary mouth bar 
deposits (WFA-C), which prograded towards the deepest part of the basin in the north.  
These lake deposits are characterized by interbedded sand and carbonate. These sections 
within the Wasatch Formation are interpreted to represent a sporadic and flashy lake system that 
interfingered with the sand-rich fan deltas from the south and north. Core intervals with lake 
interaction range from 17 to 46 feet thick.  Carbonate beds are found down-dip of the fan delta 
deposits, and are interbedded with fan delta deposits. The carbonate intervals represent a mix off 
axis lake margin. Sediments consist of grainstones, carbonate turbidites, and deeper lake muds. 
Wackestones are intermediately associated with the fan deltas as they prograde into the lake. 
 
7.3 WASATCH VS. UTELAND BUTTE LACUSTRINE SYSTEM 
Early lacustrine sedimentation in Lake Uinta was sporadic and controlled by varying size 
of siliciclastic input from the northern and southerly alluvial sources. This is observed in the lake 
sediments of the Wasatch Formation. These deposits show a prominent influence from 
siliciclastic systems that heavily interact with the 'Deep' Lake deposits. This resulted in the 
deposition of quartzose oil shale and calcareous sandstone. The lakes from this period were 
influenced by stronger seasonality and more prominent dry periods then the Lake Uinta during 
the time of Uteland Butte deposition (Remy, 1992). The Uteland Butte Member has limited 
siliciclastic input in the sublittoral deeper lake deposits.  Siliciclastic sediments in the Uteland 
Butte are predominantly clay to silt in size and sparse, while these sediments in the Wasatch are 
commonly fine to medium grain size. Both lakes lack evaporite material and are rich in bioclastic 





 Figure 7.4 Core measured section and facies association classification for Joseph 2-7D1 core. 





Figure 7.5 Core measured Section and Facies association classification for UTE Tribal 9-





DIAGENESIS AND POROSITY 
 
Alteration of carbonates associated with lake sediments is common and widespread in 
Lake Uinta during the early Eocene. Within the Uteland Butte Member diagenesis not only alters 
carbonate material, but also siliciclastic deposits, in both marginal and open-water sediments.   
 
8.1 CHERT 
Chert is a common accessory mineral in marginal siltstones, pelodial grainstones and 
sandstone beds, and in sublittoral silty-oil shale and quartz-rich deposits.  Chert ranges from a 
few millimeters to centimeters in size, and occurs as nodules and silt-sized detrital grains in 
Uteland Butte carbonate and clastic rocks.   The nature of the secondary chert observed suggests 
that the grains were sourced from outside the basin and transported in seasonally. Silica sourced 
from silica secreting organisms such as diatoms, or radiolaria would show distinct depositional 
banding and dense accumulation, neither of which is observed in the Uteland Butte Member. 
Some of the chert nodules are found along bedding planes in the carbonate rocks. These were 
probably formed along bedding planes where fluids precipitated the microcrystalline quartz.  
 
8.2 DOLOMITE  
Dolomite/calcite ratios were determined through petrographic analysis and by 
QEMSCAN-BSE mineralogy scans and calcite thin section staining. Varieties of dolomite range 
from Mg-dolomite to Ca-dolomite to Mg-Calcite, minerals that are predominate over calcite in 
the Uteland Butte Member (Fig. 8.1).  Dolomite is nearly impossible without bacterial mediation 
and warmer temperatures at present surface temperature (Machel and Mountjoy, 1986; Warren, 
2000). And the carbon in the lake is modified by rates of organic productivity, atmospheric 
exchange of CO2, and bacterially mediated diagenetic reactions (Pitman, 1996). Yet, 
supersaturation for dolomite does not imply percipitation.  
Although there is a saturation in water, magnesium ions have a 20% stronger electrostatic 
bond then calcium and much greater than that for CO3, thus its reasonable to deduce that 
carbonate ions cannot overcome the hydration shell to bond with the Mg+ (Warren, 2000).  In 




low sulfite levels, and have its levels of activated CO2/3- increased. Dolomite is currently 
understood to be a secondary precipitate that underwent changes after burial. Dolomite evolved 
in the shallow subsurface via dissolution and reprecipitation, in both littoral and sublittoral 
environments where rates of burial were moderate to high and the carbonate sediment underwent 
bacterial methanogenesis and was then diagenetically altered (Warren, 2000; Pitman, 1996).  
The Uteland Butte carbonates typically contain between 25 to 50% dolomite with the 
average weight percent being 35%, usually preserved as a green mud. This mud, Fig. 8.1, is 
commonly associated with mudstone containing minor amounts of ostracod valves (Fig 8.1A) 
where it makes up 79% of the sample, and as intraclasts and peloid grains (Fig. 8.1C and D) 
where intraclasts contain remnants of calcite. In both samples calcite is divided between Mg-
calcite and calcite. In Fig.8.1B Mg-bearing calcite makes up 10.60 % while calcite accounts for 
9.69 %. The same is the case for Fig 8.1C where Mg-calcite is 23.54%, while calcite is only 
9.71%.  In addition these muds are found replacing ooid, oncoids and pisoid concretions and 
replacing the fill in ostracod valves.  
The diagenetic mud is rarely associated with mollusk and gastropod rudstones and 
floatstones. Sub-equal mixtures of calcite and dolomite in a carbonate rock are unusual, and 
calcite does not commonly make up the remaining percentage, illite and quartz are common. And 
where calcite is observed it is in shells of bivalve and ostracods, or as calcite cement (Warren, 
2000). In marginal deposits, dolomite is associated with Mg-rich carbonates occurring as mud 
within mudstones, oncoid lamina, filling ostracod valves, intraclasts and as mud peloids (Fig. 
8.2). The mud is typically green in color, but in peloids and oncoids coatings can appear green-
brown and green-black. Dolomite is also observed in core (Fig. 8.3) facies. F7 intraclasts host 
green dolomite mud (Fig 8.3B), and the F13 sublittoral oil shale is dolomite mud rich with 
laminations that host calcite ostracod grains and pyrite banding (Fig. 8.3A) F4 Bioclastic 
dolopackstone to wackestones hosts calcareous bivalve grains supported by diagenetic dolomite 
mud (Fig 8.3C), and F18 laminated oil shales have burrows filled with calcite (pink), organic 
material (black), silt size quartz (Q) and the remainder of the matrix is dolomite mud (Fig 8.3D).  
Calcite is often diagenetically altered and a few interpretations are proposed. The first is 
that dolomitic mud forms through the interaction between a fresh water input early after 
deposition, altering below the sediment/water interface possibly through a spring or deeper 


























Figure 8.1 (on page 79) Dolomite is most commonly observed in the Uteland Butte as a green to 
brown fine mud; A) petrographic photo of F2 organic dolomudstone with ostracod valves; B) 
QEMSCAN mineralogical scan of (A) dolomudstone, dolomite composes 79.10% of the sample, 
while calcite ostracod valves and cement make up the reaming rock composition; C) diagenesis 
did not completely alter calcite, intraclasts still contain some Mg-bearing calcite, though they are 
predominantly dolomitic. Clasts are coated in calcite cement (QEMSCAN mineral scan); D) 
photomicrograph for (C) intraclasts-peloid grainstone, calcite is also tertiary, occurring after 



















with the sediment. The third is based on the abundant accumulation of intraclasts grainstones, 
similar to that shown in Fig 8.1C. These intraclasts are coated in calcite and partially lithified 
suggesting that they were diagenetically altered before being transported. This altercation may 
not have occurred after burial but along the lake floor due to microbial interaction.   
  
8.3 CALCITE 
 Diagenetic calcite is observed as cementation throughout the Uteland Butte in littoral 
facies and in a few sublittoral facies. Two meteoric diagenetic textures occur in the Uteland 
Butte samples, mosaic or granular cement, and interpretated as nearly equant crystals (Boggs, 
2009). Figure 8.4 shows six thin section examples of calcite cementation which typically occurs 
as granular or mosaic in Uteland Butte sediments. Cementation occurs between oncoid and 
ostracod grains (Fig 8.4A and C), in dissolved pore spaces, as syntaxial overgrowth between 
peloids, ellipsoidal oncoids, and ostracod valves (Fig. 8.4D), and as equant mosaic calcite 
cementation in mollusk, gastropod and ostracod shells (Fig. 8.4E and F). 
 
8.4 POROSITY 
FEI QEMSCAN 650F-Back Scatter Electron (BSE) system was the primary methodology 
applied to evaluate microporosity within the facies of the Uteland Butte Member. QEMSCAN is 
an abbreviation for Quantitative Evaluation of Minerals by SCANing electron minroscopy. Initial 
estimates made from petrographic analysis underestimate porosity values, especially in fine 
grained material were porosity is undetectable. This is a result of the resolution of an optical  
microscope, which is about 60 micro-meters.  The QEMSCAN-BSE detects and maps porosity 
and pore values as small as one micro-meter. 
The QEMSCAN-BSE porosity analysis is run over small areas, 1.5 cm X 1.5 cm in several 
areas to get a range and average porosity for each sample.  Each scan produces three values, a 
porosity, a porosity mineral interface, and mineral. Thresholds used to determine these values 
are: 0-27 porosity, 27-35 porosity to mineral transition, 35+ mineral. The porosity mineral 
transition records porosity values detected between clear porosity and clearly defined mineral. In 
other studies (Jobe, 2013; Al-Suwiadi, 2015) other porosity measures such as CSM and mercury 
injection indicated that this transition is dominantly porosity. These results together will be 








Figure 8.2 A) F6 ostracod-peloid dolograinstone, peloids (brown round mass) and ostracod valves are filled with dolomitic mud, 
ostracod shells remain calcite, Co 109, sample 16; B) F6 ostracod dolopackstone with calcite cement, ostracod valves are lightly 
coated by calcite, while peloids and the interiors of ostracod grains have undergone diagenetic alteration, CO 109, 17; C) F9 oncoid-
ostracod dolograinstone, oncoid grain is almost entirely made up of diagenetically altered mud, the green dolomite mud is 
interlaminated with pyrite layers, Hells Canyon 1-13; D) F7 Pelodial dolograinstone with calcite cement, peloids are diagenetically 
altered to dolomitic mud, Hells Hole 4 -12; E) F9 oncoid dolograinstone, black material is dolomitic mud, and ostracod valves 
remain calcite, Texas Creek 2 -15; F) F3 ostracod-peloid wackestone/packstone, peloids and some sheltered mud within ostracods is 

















Figure 8.3 Core dolomite diagenesis, samples all from NBU 921-22M core, Anadarko Petroleum 
Company, A) F3 Argillaceous ostracod dolomudstone with black organic material, red pyrite 
banding green clasts and silt grains; B) F7 Pelodial-ostracod dolostone, brown-green peloids are 
diagenetically replaced and commonly preserved within ostracod valves, calcite cement fills in 
between grains; C) F4 bioclastic wackestone, mud is dolomitic while shells remains and grains 
around shells are calcareous; D) Laminated oil shale with calcite replacement in burrowed areas, 











Figure 8.4 Calcite cementation typically occurs as granular or mosaic, and monocrystalline 
syntaxial overgrowth (Fig 8.2B) in Uteland Butte sediments. A) mosaic cementation 
between oncoid grains; B) blocky calcite cementation fills dissolved pore spaces once 
occupied by organic material; C) granular cementation formed between laminated ostracod 
valves; D) monocrystalline syntaxial overgrowth fills in between peloids, ellipsoidal 
oncoids, and ostracod valves; E) equant mosaic calcite cementation fills in mollusk, 
gastropod and ostracod shells; F) subangular sandstone pore space is filled with 





The Uteland Butte samples show varying amounts of micro- to nanoporosity.  Porosity most 
reliably concentrates within interparticle and intraparticle pores and dolomite mud as 
intercrystalline porosity, which is found in littoral regions as pelodial grainstones, filling between 
oncoid coatings, within ostracod valves, intraclasts and peloids, and replacing massive 
calcareous mud and along fractures and planes of weakness. This trend is similar in sublittoral 
regions, and porosity is concentrated in intraclasts and peloids (also dolomitic mud) and in 
fractures along burrowed surfaces, along grain and matrix contacts and within grains themselves. 
Dolomitic mud usually shows intercrystalline porosity which ranges from 1-5 um or smaller 
insize (Fig. 8.5, F2, F7 and F9). Fractures and bedding plane porosity is common in laminated 
packstones, grainstones, rudstones and floatstones (Fig. 8.5, F6, F8 and F10). These beds have a 
wide range in thickness and continuity, with rudstones and floatstones showing discontinuous 
bedding and thicknesses of less then 10 cm, while packstones and grainstones show lateral 
persistance across km and can reach several meters that, in places, are interbedded with 
thin siltstone or littoral oil shale. Grainstones of peloids, ostracods, ooids, oncoids and any mix 
there of also contain a wide variety of macroporosity types (Fig. 5.3) from shelter to intraparticle 
in oncoids and some moldic porosity from bioclasts.  
Although QEMSCAN-BSE scans were not run on core samples, some basic assumptions 
were made based on the mineralogy and porosity quantifications from the marginal deposits. The 
high concentration of fine-grained dolomite material supports a basic assumption that 
intercrystalline porosity may be common (Fig. 8.5, F2). Weatherford Labs measured porosity 
and permeability data using core plugs for several facies in the NBU-921-22m.  Measured 
average dolograinstone (F6) porosity of 7.2% with permeabilities around 0.044 md. An ostracod 
dolowackstone (F4) sample has a higher percentage of dolomitic mud then the tested packstone 
and grainstone marginal samples run in this study. The dolowackstone (F3) has a porosity of 
12.2% and a permeability of 1.23 md, and showing some fracture porosity along grain contacts, 
though most porosity is intercrystalline and well-interconnected. A bioclastic packstone (F11) 
has porosity of 2.7 % and permeability of < 0.0001 md, and a bioclastic dolowackestone has 
porosity of 7.1 % and permeability of 0.0053md. The analyzed ostracod-intraclast packstone 
(F7) has porosity of 6.9% and permeability of 0.0054md, the pore system is primarily 
intercrystalline and micropores that occur within grains are poor to well interconnected. A 




intercrystalline in micropores with variable interconnectivity, a small amount of moldic pores 
and secondary pores are present. An argillaceous molluscan dolowackestone (F4) has porosity of 
4.4% and permeability of 0.0001 md, porosity is intraparticle and intercrystalline and developed 
within ostracod shells. An argillaceous dolomudstone (F17) has porosity of 1.8% and 
permeability of 0.0011md, porosity is not visable.    
Despite the variety of facies analysed, pore size distribution was generally consistent across 
the eastern field area. Pore size distribution was calculated from digital pore extraction run by 
FEI, and calculates pore size with shape distribution. Isolated large macropores were avoided to 
keep from skewing QEMSCAN results. Pore size distribution was digitally extracted for each 
sample and subdivided into relevent facies for analytical purposes. This sample pool represents a 
percentage of the facies, and only two samples were tested for each facies listed. Pore size 
distribution for the eight facies displayed fell almost entirely into the two to five micron range, 
with the second most common distribution being bimodal. In dolomitic-mudrocks and siltstones, 
> 2 um was the  second largest distribution of pore size. While in calcareous mudstones, coarser 
grained carbonate shoals- pelodial, oncoid, pisoid- and shell lags, 5-10 um was the second largest 








































Figure 8.5A QEMSCAN images of F1, F2 & F6 displaying porosity> 1µm and porosity 

















































Figure 8.5B QEMSCAN images of F7-F10 displaying porosity > 1µm and porosity 





Figure 8.6 Pore size distributions for seven facies types ranging from mudstone to grainstone with varying amounts of dolomite and 
calcite. Within the Uteland Butte the majority of pores are 2-5 micro meters in size in grainstones, packstones, and mudstones.  A 
large distribution of pores also falls below 2 um and between 5-10 micrometers in the facies above.  F1 green siltstone, EVC 2-3; 
F2, calcareous mudstone, EVC 2-8; F2, dolomudstone, HC1-10; F6, intraclasts-ostracod dolopackstone, TC1-13; F7 ostracod 





STABLE ISOTOPE ANALYSIS 
 
Stable carbon and oxygen isotope data is an analysis aid in determining the mechanisms 
that influence carbonate accumulation in lake sediments and offer additional tools for 
interpreting the lake body’s history (Gierlowski-Kordesch, 2010).  Negative excursions of δ18O 
designate periods of moderate to high temperature, indicating increases in water influx and lake 
freshness. Positive excursions of δ18O indicate high water salinities and evaporation. Carbon isotope 
data provides information about biological fractionation and organic processes. Negative excursions 
of δ13C designate increased inflow, respiration and CO2 uptake. Positive excursions of δ13C indicate 
increases in productivity and photosynthetic processes (Pitman, 1996, Sarg et al., 2013).  
Fourteen samples were analyzed for δ18O and δ13C, eight were dolomite, and six were calcite 
(Fig. 9.1). The δ18O values in this study range from approximately -11.13 to -0.97‰. The majority of 
the data points cluster between -10 and -4.1‰. The δ13C values from this dataset range from -5.15 to 
+1.21‰. The majority of the data points cluster between +1.21 and -4.34‰, and two outlier points 
were identified, both calcite. The diagenetically altered carbonate δ18O values in this study range 
from approximately -8.41 and -0.98‰. The diagenetically altered carbonate δ13C values from this 
study range from -5.15 and -1.21‰. The calcite δ18O values in this study range from approximately-
11.13 and -7.47‰. The calcite δ13C values from this study range from -4.34 and -0.65‰, with two 
identified outliers that fall below -0.840 (Fig. 9.1). No stratigraphic trends in the region or in section 
are apparent in the data.  
A study completed in the adjacent Piceance basin found a slightly different range of δ18O 
values from -8 to +0.8 ‰, suggesting that the end member controls on lake level responses to 
fluctuating climatic controls were different (Sarg et al., 2013). Comparing this study to previous 
work completed by Sarg et al. (2013), and Suriamin (2010) on Green River Formation sediments, the 
δ18O and δ13C values from this study suggest fresh water conditions with variable mixing of brackish 
and fresh water. The calcite samples are interpreted to represent a period of high inflow and high 
organic productivity. The diagenetically altered carbonate is interpreted to represent variety along the 
shoreline where mixing of fresh and saline water occurs.  The fresh lake conditions with relatively 
low salinity account for the prolific populations of ostracod, mollusk and gastropods, and lack of 
saline evaporites in this interval. 
Two potential outlier points were identified that have significantly lighter δ13C then the rest 




may represent a period or region in the lake that was fresher or had a higher influx then compared to 
the other calcite samples. Before testing there was no noted difference in these carbonates from the 










































Figure 9.1 δ18O vs. δ13C plotted values.  Three datasets are plotted: (1) this study (Uteland Butte), (2) data collected by Suriamin (Sarg et al., 
2013), and (3) data collected by Swierenga, 2013. The datasets are represented by two trendlines and one envelope. Trendline 1 (orange) is 
from Sarg et al. (2013) and presents a similar trend for this study’s calcite sample. Trendline 2 (red) is from Swierenga, 2013. This study’s 
data (green and purple) is plotted in an envelope representing the diagenetically altered carbonates. The data from the study is in the lighter 








The Uteland Butte Member contains laterally continuous lacustrine facies. On the eastern 
edge of Lake Uinta where a ramp margin persists and deltaic and fluvial influences are minor 
with the exception of the Evacuation Creek area in the south, outcrops display marginal mixed 
siliciclastic and carbonate shoreline deposition that composes four major cycles of deposition. 
These cycle deposits range from 2.75 to 7 meters thick along the margin. Cycles are initially rich 
in sublittoral siliciclastic facies that shallow up to littoral shoals. These same areas experienced 
similar regressions within each cycle where water levels were as shallow as a few cm in 
persistently wave dominated environments, yet never proximal enough to accumulate terrestrial 
successions of clay or sand. Sublittoral cycle sediment accumulation ranges from as great as 12.5 
meters to +3 meters. The initial laminated oil shale shallows upward into bioclastic wackestones 
and silty laminated oil shale in the proximal sublittoral and distal littoral.  
 The fresh water environment of Lake Uinta hosted abundant populations of bioclastic 
bivalves, gastropods and ostracods across the lake during every cycle. The mollusk populations 
were particularly active to the north in Hells Hole Canyon where no fluvial influence was 
recorded, and in the third cycle in the sublittoral areas. It is possible that the third transgression 
was more nutrient rich and fresh relative to other lake bodies. Hells Hole also hosted the thickest 
and most continuous successions of grainstones, with only minor thin units of silt preserved in 
the unit.  
These grainstone and packstone successions were prominent in both sublittoral and littoral 
settings, but the thickness of these beds was suggestively different. The thin, gradational and 
interbedded nature of the core packstones supports a different depositional process from the 
thick, meter scale grainstones observed in lake-margin environments. The marginal grainstones 
also have a more laterally continuous nature within these facies over the entire 21 km N-S lateral 
transect studied. Not to be misinterpreted as bed to bed laterally continuity, as even outcrops that 
are only one-half km apart show little evidence to support bed-to-bed continuity beyond outcrop 
scale. Core, though proximally located to one another, do not display the same lateral continuity 
between grainstone and packstone facies. 
Stratigraphic interpretations were based upon flooding surfaces marked by thin intraclastic 




between marginal environments as they changed laterally from calm backwater environments 
indicative of mud deposition to moderate energy-wave influenced carbonate shoal settings, to 
fluvial environments that preserved as coal and channels. Water depth and energy seem to have a 
balanced control on the depositional bodies and processes found through the different lake 
environments. Correlative surfaces were then extended into the sublittoral basin where facies are 
highly laminated, organic rich and thinly bedded. Facies showed major changes over the 62 
kilometers, but a persistent four cycles were still present in the deeper regions of the lake. 
Sublittoral successions are 30% thicker than the marginal Uteland Butte, and are lean in silt and 
richer in dolomite, with nearly every bed containing > 25% dolomite.  
It seems the largest limiting factor when producing from this unit would be the percentage of 
dolomite, reservoir connectivity and the presence or absence of a fracture network and the 
density of fractures. Dolomite concentrations are high from the margin to the sublittoral basin, 
but permeable concentrations are in wackestone and mudstone facies extending from distal to 
marginal outcrops studied and out to the cores in the Greater Natural Buttes area. The lateral 
homogeneity of these beds varies by location relative to the marginal systems. The cleanest 
dolomitic reservoirs will be those furthest away from the influences of the Evacuation Creek 
fluvial system and the large fluvial complexes sourced off the Uinta Mountains to the north.  
Predicting where fracture networks are occur is out of the context of this study. Fractures 
were primarily observed in laminated bioclastic packstones and grainstones, siltstones and 















CHAPTER 11  
CONCLUSIONS AND FUTURE WORK 
 
Conclusions include: 
(1) The first major Green River lake, in the Uinta basin was a highly cyclic, climatically 
driven, fresh, ostracod and molluscan, dolomite-rich lake. 
(2) The preserved successions show no supporting evidence of a lake that breeches the 
Douglas Creek Arch and connects with the Piceance Creek Lake during Uteland Butte 
deposition.  
(3) The Uteland Butte lake-margin sediment is rich in silt and grainstone deposits, while 
the sublittoral deposits are thicker, highly laminated and finer grained and increasingly 
dolomitic. Dolomite mud is abundant, making up 25 to 50% of carbonate material, in marginal 
and sublittoral deposits.  
(4) There are four cycles preserved within the Uteland Butte Member, which are all 
correlative from margin into the deeper basin.  
(5) Porosity ranges between 1 and 20%, while permeability is usually below 1 md.  
(6) Stable isotope results suggest fresh lake conditions with a relative low salinity, high 
inflow and high organic productivity. Mixing zones with brackish and fresh water may have 
influenced dolomite diagenesis.  
 
Future work may focus on:  
(1) the stages of diagenesis in the Uteland Butte Member and the different types of 
dolomite formed, the processes controlling these mechanisms, the timing of dolomite formation 
and the reservoir characteristics presented amongst them. Dolomite was not initially obvious in 
field studies and was primarily discovered during thin section analysis. The quantities presented 
through this study were unexpected.  
(2) Expanding the porosity study here to include a larger sampling of data points to 5 to 7 
samples for each facies in both QEMSCAN tests and adding nitrogen mercury and injection 
testing will improve porosity and permeability data. 
 (3) It became clear over the course of this study that the cores and outcrop data analyzed 




the basin under the Altamont Bluebell field using additional core and log data would answer 
questions on profundal environments.  
(4) The lake sediments deposited before the onset of the Green River Formation preserve 
a complex relationship with the prograding deltas of the Uinta basin. A continued study of these 
early Wasatch Lake deposits and how they compare to other lake sediments in the Uinta basin, 
such as the North Horn Formation, the Fort Union Formation in eastern Uinta, and the Flagstaff 
limestone would further the understanding of continental lake deposit progressions.   
(5) A final recommended project would be analysis of the fractures- their presence, 
accumulation density, offset, spacing, and the bedding mineralogy. Fractures not only affect 
reservoir connectivity, permeability and porosity, but they are suggestive of rock properties, bed 
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        APPENDIX A 
PETROGRAPHIC DESCRIPTIONS 
 
Forty-two thin sections were cut from a selection of over 350 hand samples from 15 
outcrops. Additionally Anadarko Petroleum Company provided photographs of core thin 
sections for both NBU 921-22M and NBU 921-18C4S. The following petrographic 
descriptions describe the lithofacies present along the eastern margin in outcrop and in 
open water areas observed in cores from the Greater Natural Buttes Field.  Descriptions 
include the mineralogy, porosity and grain type and textures observed within the Uteland 
Butte Member, as well as microporosity measurements taken with QEMSCAN.  
 
Sample 2 #3: Ooid-Green Claystone (F1) 
Section: Evacuation Creek 2 
Grain Size: clay to medium  
Porosity: 1.2% 
Grain type:  26% Quatrz, 35% illite, 24 % calcite, 4% dolomite, 3% plagioclase, 2% k-
feldspar, and less than 1%  biotite, smectite, chlorite, apatite and magnesium bearing 
calcite. (QEMSCAN weight percent)  
Texture: Primarily a siliciclastic rock with angular, poorly soared quartz, chert and clay 
size grains. Carbonate material is primarily calcareous, ooids and micrite, and was carried 
by the surrounding siliciclastic substrate to its resting place. Clay hosts dense fracture 
systems (figure A-1). Pores are primarily located along fracture plains and surrounding 





























Figure A-1. PPL, 4X.  Green siltstone facies with ooid grains, grain mineralogy includes 





Sample 2 #8: Calcareous mudstone (F2) 
Section: Evacuation Creek 2 
Grain Size: N/A 
Porosity:  6.7% 
Grain type:  Lime mud, ostracod valves, quartz  
Texture: This massive bed is interpreted as a low energy backwater like environment 
where water-saturations are high and precipitating carbonate material which remains 
undisturbed. Quartz grains are subangular and miscellaneous, falling into the lime 
substrate from fluvial sources entering the lake. Ostracods are pelagic and their pieces are 
rare, also falling from the water column when conditions could no longer support them. 
Carbonate cement is fine and undistinguishable. Porosity is primarily interparticle and 




Figure A-2. PPL, 4X. Calcareous Mudstone facies with lime mud (gold-yellow matrix), 
quartz (Q) and ostracod valves (Ost), grain mineralogy includes lime mud, quartz and 









Sample 1 #10: Ostracod- Dolomudstone (F2) 
Section: Hells Hole Canyon 1 
Grain Size:  N/A 
Porosity: 14.8% 
Grain type: Dolomitic mud, calcite, organic material, quartz   
Texture: Massive green dolomite mud with 10% calcite in grains replacing organic 
material and 10% Mg –bearing calcite not fully replaced from the original lime micrite 
substrate shortly after burial, and the remaining 79% of the rock being Mg-dolomite with 
minor amounts of Quartz and Fe Oxice/Hydroxide. Dolomitic mud is secondary and 
diagenesis occurred under the influence of water circulation in the lake and from ground 
water input shortly after burial, within the first meter. Dolomud hosts large porosity 

























Figure A-3. PPL, 4X. Dolomitic Mudstone facies with dolomite mud (green), quartz (Q), 
ostracod valves (Ost) and organic material (Org), grain mineralogy includes dolomitic mud, 














Sample 2 #17: Quartzose-ostracod wackestone (F3) 
Section: Evacuation Creek 2 
Grain Size: N/A 
Porosity: 4.31% 
Grain type: Calcite, ostracod valves, organic material 
Texture: Calcite grains are not microcrystalline and are intermixed with organic material, 
angular- sorted quartz grains, broken ostracod valves and minor accessory amounts of clay. 
Bed is massive with no apparent bedding structures. Porosity is interparticle around 
ostracod grains, no shelter porosity relationship was observed with ostracod valves (Figure 






Figure A-4. PPL, 4X. Calcareous wackestone facies with calcite (granular matrix), quartz 
(Q), ostracod valves (Ost) and organic material (Org), grain mineralogy includes calcite, 















Sample 1 #13: Intraclast Dolograinstone (F6) 
Section: Texas Creek 1 
Grain Size: N/A 
Porosity: 11.9% 
Grain type: Peloids, ostracod shells, calcite 
Texture: Fecal pellets are replaced by green dolomite mud and have a lite calcareous 
coating around them. Peloids make up 66% and come in a variety of shapes and sizes and 
indicate a high productivity in the lake. Mg-bearing calcite equates for 24%, and is the 
remains from partial diagenesis of original calcareous mud.  Calcite between and coating 
peloids is the remaining 10% (Figure A-5). Accessory minerals include quartz, Fe 
Oxide/Hydroxide, and apatite. Ostracod valves are minor. Porosity is primarily in the 
dolomitic mud and is intercrystalline. The calcite coating adds dispute as to whether these 
grains are peloids or intraclasts.  
 
 
Figure A-5. PPL, 4X; Deformed dolomud fecal pellets and ostracod grains (Ost) which vary 
in size. Calcite (Ca) has cemented around the peloids and acts as a coating. Fecal pellets(Pe) 
(outlined in yellow) have been diagenetically altered and were originally calcareous. 
Quartz is trapped within the intraclasts and is likely primary, being picked up when the 














Sample 3 # 11: Laminated ostracod packstone (F7)  
Section: Evacuation Creek 3 
Grain Size: N/A 
Porosity: 7.70% 
Grain type: Calcite, ostracod valves, quartz, fractures, organic material  
Texture: Laminated ostracod packstone with broken ostracod valves that form wavy beds. 
Calcite cement fills between ostracod valves and cement is commonly dissolved, beds 
display planes of weakness. Organic material is often laminated within beds along with 
quartz grains of varying size, fine to medium. Lack of mud and lamination of beds suggests 
that the environment of deposition is moderate to high energy. Porosity is most commonly 





Figure A-6. PPL, 4X Ostracod packstone facies with laminated ostracod valves (Ost), calcite 
cement, quartz (Q), and organic material (Org), grain mineralogy includes calcite, quartz, 














Sample 2 #15: Oncoid Packstone (F9) 
Section: Texas Creek 2 
Grain Size: N/A 
Porosity: 2.56% 
Grain type: coated ostracods, calcite cement, dolomite mud 
Texture: Coated oncoid grains range in size and width depending on whether the coating 
surrounds a broken ostracod shell or whole shell. Coatings are partially replaced by 
dolomitic mud in places and host the facies porosity. Calcite cement fills between particles 
and shows no porosity characteristics. Oncoids exhibit intraparticle, shelter porosity and 
intercrystalline porosity where dolomite mud is observed. Pores do not show permeability 




Figure A-7. PPL, 4X Oncoid-ooid packstone facies with coated ostracod grains, both coated 
around broken ostracod shells (Onw), and whole ostracod shells (Onw).  Calcite cement 
fills around grains and oncoid coatings are often replaced by dolomite mud (Dol). The 
oncoid facies has primarily shelter porosity (Sh), and intercrystalline porosity within the 















Sample 2 #14a: Pisoid-ooid packstone (F9) 
Section: Hells Hole Canyon 2 
Grain Size: N/A 
Porosity: 2% 
Grain type: Pisoids, ooids, calcite, dolomite mud, ostracods, quartz 
Texture: Coated grains range in size from ooids to pisoids and form layers around quartz, 
ostracod shells and undistinguishable centers. Grains are surrounded by calcite cement 
which hosts no interparticle porosity. Grain layers are often replaced by dolomite mud 
which exhibits shelter porosity and intercrystalline porosity (Figure A-8).  This unit is 
usually gradational from an ooid dominate unit into a thinner, 10 cm pisoid layer which is 





Figure A-8. PPL, 4X Ooid-pisoid facies, there is a graduation from ooids to pisoids (Pis), and 
these grains form layers around quarts (Q), ostracod shells (Ost).  Dolomite mud (Dol) 
hosts this facies primary intercrystalline porosity, but is often intraparticle within pisoid 















Sample 2 #7: Molluscan Rudstone (F10) 
Section: Evacuation Creek 2 
Grain Size: N/A 
Porosity:  1% 
Grain type: Molluscan shells, calcite, quartz , with minor amounts of Dolomite and illite 
Texture: Calcareous molluscan shells of greater than 2mm and broken, calcite, and 1% 
quartz by volume, with trace amounts of dolomite mud and illite. Formed in a high energy 
environment where shells were pulverized, broken and battered and mud and clay were 
absent. Porosity is low and found primarily within fractures which are likely secondary and 
indicate planes of weakness within the facies (Figure A-9).  This facies is usually less than 





Figure A-9. PPL, 4X. Molluscan rudstone facies with broken mollusk shells (M), and calcite 

















Sample 2 #1: Structureless sandstone 
Section: Texas Creek 2  
Grain Size: Fine to medium 
Porosity: 4% 
Grain type: Quartz,  
Texture: Sandstones are found primarily in the first depositional cycle of the Uteland Butte 
member in the Texas Creek region. These beds are heavily cemented with calcite and 
exhibit little porosity in exposed outcrop sections. This facies is rich in subangular quartz, 
chert, and has varying amounts of plagioclase, and biotite. This unit shows no clear 




















Figure A-10, TC2- 1 Structureless sandstone facies with biotite (Bt), porosity (P), Quartz 
(Q) and pores (P). Subangular-moderatly sorted grains predominantly quartzose and likely 
















Sample 4868.65 to 4868.75: Argillaceous Dolostone (F16)  
Core: MU 921-22M 
Grain Size: N/A 
Porosity: 7.1% 
Permeability (Klink): 0.0053 md 
Grain type: Dolomite mud, ostracod shells, silt, organic material 
Texture: Laminated, organic-rich matter, crushed ostracod shell fragments which are 
locally concentrated, horizontal burrows, dolomitic intraclast within the dolomitic mud 
matrix, trace amounts of subangular to subrounded siliciclastic silt grains ranging in size 
from very fine to coarse silt (Figure A-11). Ostracod fragments are calcareous though 
partially replaced by nonferroan dolomite, authigenic pyrite crystals can be seen 
concentrated within the organic-rich lamination (rusty-red). No visible porosity was 






Figure A-11. Anadarko Petroleum Corporation, MU 921-22M GR, Sample Depth: 4868.65’ – 
4468.75’, Argillaceous Dolostone facies is primarily a dolomitic mud (Dol) matrix with ostracod 
(Ost) rich laminations associated with pyrite (Py) and organic material (Org). Within the 













Sample 22M, 4895.15: Bioclastic Dolomudstone (F17)  
Section: NBU 921-22M 
Grain Size: N/A 
Porosity: 4.4% 
Permeability (Klink): 0.0001md 
Grain type: Lime mud, dolomitic mud, organic material, silt, pelecypod shells 
Texture: Vaguely laminated dolostone to calcareous- dolomitic mudstone with high angle 
calcite-filled escape burrows which are deformed by mechanical compaction, pelecypod 
shells fragments are layered discontinuously, quartz grains are silt size and organic 
fragments are approximately parallel to bedding. Matrix is a mix between dolomitic mud 
and calcareous mud (Figure A-12). Porosity is not detectable by standard petrographic 
techniques and is primarily fracture porosity and microporosity in the form of 


























Figure A-12. Anadarko Petroleum Corporation, MU 921-22M GR, sample depth: 4895.15 ft, 
Bioclastic Dolomudstone facies is primarily a dolomitic mud (Dol) and calcareous mud matrix 
with pelecypod (Ost) grains and organic material (Org). Porosity (P) is primarily concentrated in 









Sample 22M, 4869.10 to 4869.20 ft: Ostracod Dolopackstone (F18) 
Section: MU 921-22M  
Grain Size: N/A 
Porosity: 6.8% 
Permeability (Klink): 0.0046 md 
Grain type: Dolomite mud, silt, and ostracod shells 
Texture: Finely laminated dolomitic mud with bed parallel ostracod shells and large 
bioclastic pieces and organic material. Ostracod debris is erratically distributed and are 
subparallel to bedding, Siliciclastic grains are subrounded and silt in size. Minor amounts of 
pyrite crystals replace ostracod pieces and some intraparticle voids are filled with 
kaolinite. Porosity is concentrated as isolated intercrystalline pores within dolomitic mud 



























Figure A-13. Anadarko Petroleum Corporation, MU 921-22M GR, Sample Depth: 4869.10 to 
4869.20 ft., Ostracod Dolopackstone facies is primarily a dolomitic mud (Dol) with some 
calcareous mud (red) intermixed in the matrix with ostracod (Ost) grains and organic material 









Sample 22M- 4856.80: Calcareous Dolostone (F19)  
Section: MU 921-22M 
Grain Size: N/A 
Porosity: 7.2% 
Permeability: 0.0018 md 
Grain type: Dolomitic mud interclasts, ostracod valves, calcite  
Texture: Laminated intraclast and moldic ostracod valves, intraclasts display varied shape 
and deformation from compaction, grains are tightly packed and some of the calcareous 
mud is only partially replaced by dolomite (green). Intraclasts size range is from very fine 
to coarse. Siliciclastic grains are rare and silt sized, organic material is laminated and 
floating within clasts or smashed by grains during compaction. Pores are locally 
interconnected secondary pores and micropores have developed in areas where partial 
leaching of dolomite crystals has occurred. Intercrystalline pores within dolomitic 
























Figure A-14. Anadarko Petroleum Corporation, MU 921-22M GR, sample depth: 4856.80, 
Ostracod Dolostone facies is primarily an intraclast dolomitic mud (Dol) and ostracod (Ost) 
grains filled with dolomitic mud, and organic material (Org). Porosity (P) is primarily 









Sample 4915 to 4915.1: Laminated oil shale (F20) 
Section: MU 921-22M GR 
Grain Size: N/A 
Porosity: 1.8% 
Permeability: 0.0011 md 
Grain type: Dolomite mud, calcareous mud, organic material, quartz grains 
Texture: Laminated, dolomitic mud and calcareous mud, with calcite and quartz filled 
burrows, siliciclastic grains are subangular to subrounded silt size and scattered within the 
burrows. Organic material occurs along bedding planes and is preserved as elongated 
flakes (Figure A-15).  Calcareous mud intermixed with dolomitic mud may influence the 
reduction in porosity. No viable porosity was observed using standard petrographic 





Figure A-15. Anadarko Petroleum Corporation, MU 921-22M GR, sample depth: 4915.00-
4915.1 ft.  Laminated Oil Shale facies is primarily a dolomitic mud (Dol), calcite, and quartz 




















































                     
 




Figure B-2 Measured Section at Evacuation Creek 1  







Figure B-3 Measured Section at Evacuation Creek 2  
Evacuation Creek #2  
N: 39°45’41.1” 







Figure B-4 Measured Section at Evacuation Creek 3  
Evacuation Creek #3  
N: 39°45’18.1” 


















































 Figure B-5 Measured Section along County Road 109, Rio Blanco Colorado  
Evacuation Creek #2  
N: 39°45’41.1” 
W: 109°3’54”  
 
County Road 109 #1  
N: 39°46’5” 


















































Figure B-6 Measured Section in Missouri Creek #1  
Missouri Creek #1 
N: 39°47’25” 















Missouri Creek #2 
N: 39°47’14” 
W: 109°0’16”  
 





Figure B-8 Measured Section in Missouri Creek #3  
Missouri Creek #3 
N: 39°47’33” 






 Missouri Creek #4 
N: 39°48’8” 
W: 109°1’23”  
 





Texas Creek #1  
N: 39°48’8” 
W: 108°58’20”  
 













































Figure B-11 Measured Section in Texas Creek Canyon #2 
Texas Creek #2  
N: 39°50’3” 






Figure B-12 Measured Section in Hells Hole Canyon #1 
Hells Hole Canyon #1 
N: 39°54’17” 






Figure B-13 Measured Section in Hells Hole Canyon #2 
Hells Hole Canyon #2 
N: 39°54’17” 






Figure B-14 Measured Section in Hells Hole Canyon #3 
Hells Hole Canyon #3 
N: 39°54’29” 






Figure A-15 Measured Section in Hells Hole Canyon #4 
Texas Creek #1  
N: 39°48’8” 
W: 108°58’20”  
 
Hells Hole Canyon #4 
N: 39°54’58” 
W: 109°4’7”  
 
Hells Hole Canyon #5 
N: 39°54’58” 












































Figure B-16 Measured Section with outcrop gamma ray in Hells Hole Canyon #5 











Figure B-17 Core Description of Anadarko Petroleum Company NBU 921-18C4BS 
Anadarko Petroleum 
Corporation  
NBU 921-18C4BS  
Greater Natural Buttes 
Uintah County, Utah 
N: 39°54’58” 










Greater Natural Buttes 
Uintah County, Utah 
N: 39°54’58” 
W: 109°4’7”  
 
Figure B-18 Core Description of Anadarko Petroleum Company NBU 921-22M 
